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FORCE AND ENERGY; 

.1 THEORY OF DYNAMICS. 
BY GRANT ALLEN. 



APOLOGY. 

1 ia with the profotmiiest (liffi- 
I that I set forth this book. 
Hy best exense for its publication 
now may probably be found in the 
cireiimBtaDceB under which I have 
been induced nt last to rash into 
print with it. The work has lain by 
me for nearly double the time pre- 
scribed in the familiar Horatian max- 
im. Some fourteen years ago, when 
I was head of a Government college 
in Jamaica, the perusal of certain 
dynamical tveatiseH of Clerk Mas- 
■well's, Tait's. Balfour Stewart's, and 
Hehnholtz's, suggested to my mind 
sundry profoimd difficulties in the 
current conception of the nature of 
Energy. Puzzling out these difficul- 
ties conscientiously with myself, as 
best I might, I began at length to 
see, or think I saw, a way out of 
them by means of a new theory of my 
own. This theoiy, which, right or 
wrong, gradually grew clear to my 
mental vision, I embodied in a little 
twenty-page pamphlet beaiing the 
same tiUe as the present work, and 
printed privately at Oxford in 1875 
for distribution to n few physical 
specialists. Not many of the special- 
ists, I fear, looked at my lucubrations! 
t^ose who did returned me one or 
Jer of two apparently contradic- 



tory criticisms. Some of them SEUd^ 
my theory was only just what wa8 
already known, and universally 
acknowledged. Others of them said it 
was diametrically opposed to what was 
already known, and betrayed an ele- 
mentaiy ignorance of the entire mat- 
ter. To the ignorance thus imputed 
I will candidly plead guilty, and will 
proceed to esptain why, in spite of it, 
I have ventured after so long a lapse 
of time to obtrude my specolationa 
upon a learned audience. 

In 1877 I returned once more defi- 
nitely to the subject, in which my 
interest had never in any way de- 
clined, and, mainly for the eake of 
clarifying and systematising my own 
conceptions, worked out my nebulooa 
ideas in full in the present ti'eatiee. 
But finding from the reception ac- 
corded to my tentative little pam- 
phlet that physicists were not likely 
(then, if ever) to admit my conten- 
tion, and convinced that they knew 
a great deal more about the matter 
at stake than I did, I put the com- 
pleted nmnuscript severely away in 
my desk, where it has remained eve; 
since in peace and quiet among a 
great many more rejected juvenile 
performances. There it might have 
remained to all time but for an acci- 
dental coincidence which happened a 
few yeai's back. 
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^blish his discovery. In this light, 
.i-eref ore, I venture to beg the pro- 
.tisional critic to examine my work. 

It pretends to be no more than a 
^gestion, an apercu, an attempt at 

theory: I ask for it nothing better 
>an honest consideration : for if this 
/unsel or this work be of men, it 
111 come to nought: and I have no 
jsire to aid in the promulgation or 
■ffusion of error. 

For the same reason, I will not 
po^ogize for the seemingly dogmatic 
'ould in which the treatise itself is 
tst. Being nothing more than an 
ideavor to express in words the 
indamental dynamical constitution 
f the universe, as it envisages itself 
1 a particular inquirer, I have 
hought it best to use the purely im- 
ersonal form, and to state each 
roposition as simple fact, leaving 
he reader to bear in mind for him- 
elf throughout, that the whole is 
aggestion or conception merely. 

At the same time, I sincerely trust 
dentific readers (if I am fortimate 
nough to attract any) will approach 
he theory with an unbiassed mind, 
nd instead of rejecting it off-hand at 
he first glance, because its concep- 
ions do not agree with those to 
^hich they are already accustomed, 
nil do me the justice to read it 
hrough before deciding, - and to 
ilace themselves as far as possible in 
ympathy with my point of view. I 
frant at once that the idea of Energy 
hey will here find embodied is not 
,t all the idea hitherto framed by 
aen of science. It is a new idea ; 
nd that is exactly why I have writ^ 
en this little treatise. If I am right 
as I probably am not) our concepts 
•f Energy will have to undergo a 
onsiderable revision. That being 
ast the question at issue here, I 
Lope readers will duly consider it, 
astead of taking the current view 
logmatically for granted, and crush- 
ag me by pointing out that mine 
loes not coincide with it. A petitio 
)rincipii is no refutation. 

The long time I have kept this 



treatise by me unpublished ought to 
supply sufficient proof of the extreme 
timidity with which I myself regard 
it. Thiett timidity may perhaps be 
allowed to protect me from harsh, 
unkindly, and contemptuous criticism. 
If I am wrong, of course, I shall ex- 
pect to be f^mkly told so: I shall 
accept demonstration of my mistakes 
and misconceptions with a good 
grace. Naturally, I shall continue 
still to think myself right: it is not 
in human nature to do otherwise: 
the theory has too long interwoven 
itself into all my conceptions of the 
physical world to be easily rooted 
out of the fibres of my brain now 
after so many years. But having 
once consented to trot out my little 
heresy unwilhngly before the eyes of 
the world, I shall drop it in pubHc 
henceforth and for ever. I will make 
no angry repHes to authoritative ex- 
positions of my blunders or errors : I 
will abstain from imitating the com- 
mon paradox-monger, who, hardened 
in his obliquity, sees only unfair at- 
tacks and unworthy motives in de- 
monstrative criticism. ' I'm not 
a-arguin' with you ; I'm only a-tellin* 
of you,' said a pothouse pohtician to 
an obtuse friend. I don't expect to 
be argued with : I shall be satisfied 
to be told. 

Under these circumstances, and in 
consideration of previous good con- 
duct, I earnestly trust the court of 
scientific opinion will let me off with 
a caution or a nominal fine. My 
promise never to recur to the subject 
again may surely in such a case be 
counted to me for righteousness. At 
a certain college examination, where 
proof of age was required from all 
intending candidates, a certain colo- 
nial-bom under-graduate brought 
with him perforce his only document 
ary evidence, a certificate of baptism. 
The examiner, a well known hetero- 
dox don, glanced at the ecclesiastical 
certificate curiously. ' How's this V 
he asked in a hurried voice. ' How's 
this? You've been baptised, sir?* 
The luckless undergraduate timidly 
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The coincidence came about in this 
way. My friend Edward Clodd sub- 
mitted to me in the sumimer of 1885 
the first rough sketch of his recent 
work 'The Story of Creation.* In 
discussinff with him the outline of 
that book, and especially certain 
points connected with his conception 
of Force as there embodied, I found 
he had lighted upon some of the self- 
same fundamental difficulties which 
had originally led me to the views 
set forth in this Httle volume. In 
the course of our conversations on 
these moot questions I ventured very 
gently to hint at my own heresies, 
while disclaiming any desire to poi- 
son his mind with them: indeed, so 
anxious was I not to mislead my 
friend in this matter that it was with 
great reluctance I at last consented 
to lend him the old and crumbled 
manuscript of my early essay. On 
reading it over, he told me it had 
entirely dissipated his difficulties, 
and had set the whole question for 
him in a new light. Furthermore, to 
my unfeigned dismay and distress, 
he announced that he intended to 
embody the theory in outline in the 
dynamical portion of his forthcoming 
work. Much alarmed, I endeavored 
to dissuade him from so rash a course, 
seeing that like myself he was no 
physicist, and that the doctine was 
new, strange, and heterodox: but 
so great was his confidence in the 
truth of the theory that my pro- 
tests fell flat upon unwilling ears. 
He incorporated the heretical con- 
ception in 'The Story of Creation,' 
and, as I feared beforehand, suffered 
not a little for his generous rashness 
B,t the hands of the critics. 

A monomaniac who has found one 
other person to share his monomania 
might perhaps have been excused for 
jumping to the conclusion that the 
rest of the world would probably 
give him a fair hearing. But I was 
far too afraid of mathematical opin- 
ion to venture even so upon publish- 
ing my probably crude and incorrect 
ideas. I still refrained from any at- 



tempt to print my book, till I saw 
that the attacks upon Mr. Glodd's po- 
sition almost made it a point of honor 
for me to lay the facts in their integ- 
rity before the judgment of the sci- 
entific world. It was not right my 
friend should suffer for my own trans- 
gression. Criticism was levelled at the 
necessarily brief and bald abstract he 
had given at what I may venture to 
call our joint opinion : I thought it 
only proper, in justice to him, that 
the theory as a whole should be put 
in evidence for the jury of experts to 
examine and decide upon. I don't 
for a moment suppose they will take 
the trouble to look into it at all ; but 
at any rate I have now discharged 
my duty — liheravi animam meam — 
the evidence is here, and who will 
may consider it. 

Nobody could be more sensible 
than I am how httle Hkely it is that 
a mere amateur should hit upon a 
true generaHsation in science missed 
by the recognized leaders of physical 
thought. For this reason, I would 
never have pubUshed my treatise at 
all (profoundly as I myself believe in 
it) had it not been for Mr. Clodd's 
intervention, with its remoter conse- 
quences. As it is, however, I may 
plead in extenuation this further ex- 
cuse. The thoughts one entertains, 
says the greatest of living English 
thinkers, are as children bom to one 
which one may not willingly let die. 
There can be no harm, therefore, in 
putting them forth to the world, in a 
tentative way, with all due modesty, 
provided always it is clearly under- 
stood that they are put forth as sug- 
gestions alone, for wiser heads to 
accept or reject at leisure. If per- 
chance it should happen that one has 
indeed hit almost by accident upon a 
true and luminous principle, one owes 
it to humanity to set that principle 
forward at once, in spite of the 
natural fear of criticism and ridicule. 
The would-be discoverer is probably 
wrong: but when by any stroke. of 
luck he chances to be right, it is for 
the good of the world that he should 
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publish his discovery. In this light, 
therefore, I venture to beg the pro- 
iessional critic to examine my work. 

It pretends to be no more than a 
suggestion, an apercu, an attempt at 
A the3ry: I ask for it nothing better 
than honest consideration : for if this 
counsel or this work be of men, it 
will come to nought: and I have no 
desire to aid in the promulgation or 
diffusion of error. 

For the same reason, I will not 
apologize for the seemingly dogmatic 
mould in which the treatise itself is 
cast. Being nothing more than an 
endeavor to express in words the 
fundamental dynamical constitution 
of the universe, as it envisages itself 
to a particular inquirer, I have 
thought it best to use the purely im- 
personal form, and to state each 
proposition as simple fact, leaving 
the reader to bear in mind for him- 
self throughout, that the whole is 
Buggestion or conception merely. 

At the same time, I sincerely trust 
scientific readers (if I am fortunate 
enough to attract any) will approach 
.the theory with an unbiassed mind, 
and instead of rejecting it off-hand at 
the first glance, because its concep- 
tions do not agree with those to 
which they are already accustomed, 
will do me the justice to read it 
through before deciding, - and to 
place themselves as far as possible in 
sympathy with my point of view. I 
^rant at once that the idea of Energy 
they will here find embodied is not 
at all the idea hitherto framed by 
men of science. It is a new idea ; 
and that is exactly why I have writ^ 
ten this little treatise. If I am right 
(as I probably am not) our concepts 
of Energy will have to undergo a 
considerable revision. That being 
just the question at issue here, I 
hope readers will duly consider it, 
instead of taking the current view 
dogmatically for granted, and crush- 
ing me by pointing out that mine 
does not coincide with it. A petitio 
principii is no refutation. 

The long time I have kept this 



treatise by me unpublished ought to 
supply sufficient proof of the extreme 
timidity with which I myself regard 
it. That timidity may perhaps foe 
allowed to protect me from harsh, 
unkindly, and contemptuous criticism. 
If I am wrong, of course, I shall ex- 
pect to be fi^nkly told so: I shall 
accept demonstration of my mistakes 
and misconceptions with a good 
grace. Naturally, I shall continue 
still to think myself right: it is not 
in human nature to do otherwise: 
the theory has too long interwoven 
itself into all my conceptions of the 
physical world to be easily rooted 
out of the fibres of my brain now 
after so many years. But having 
once consented to trot out my little 
heresy unwiUingly before the eyes of 
the world, I shall drop it in pubHc 
henceforth and for ever. I will make 
no angry replies to authoritative ex- 
positions of my blunders or errors: I 
will abstain from imitating the com- 
mon paradox-monger, who, hardened 
in his obhquity, sees only unfair at- 
tacks and unworthy motives in de- 
monstrative criticism. ^ Tm not 
a-arguin' with you ; I'm only a-tellin' 
of you,' said a pothouse pohtician to 
an obtuse friend. I don't expect to 
be argued with : I shall be satisfied 
to be told. 

Under these circumstances, and in 
consideration of previous good con- 
duct, I eamestiy trust the court of 
scientific opinion will let me off with 
a caution or a nominal fine. My 
promise never to recur to the subject 
again may surely in such a case be 
counted to me for righteousness. At 
a certain college examination, where 
proof of age was required from all 
intending candidates, a certain colo- 
nial-bom under-graduate brought 
with him perforce his only document 
ary evidence, a certificate of baptism. 
The examiner, a well known hetero- 
dox don, glanced at the ecclesiastical 
certificate curiously. ' How's this V 
he asked in a hurried voice. ' How's 
this? You've been baptised, sir?* 
The luckless undergraduate timidly 
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stammered ont that it was a mistake 
due to the imperfect registration sys- 
tifem of his native land. ^H'm,' snorted 
the examiner: * Oh, very well, then : 
as yon were baptised by mistake, it 
won't be allowed to tell against you.' 
May I venture to express a humble 
hope that on this occasion too a 
heresy extorted from me under such 
peculiar circumstances will not be 
allowed to tell against my character? 
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CHAPTER I. 

POWER. 

A POWER is that which initiates or 
terminates, accelerates or retards, 
motion in one or more particles of 
ponderable matter or of tiie ethereal 
miedium. 

Power, as here understood, is thus 
the widest of all possible dynamical 
conceptions. It cannot be defined 
by genus and differentia, because it 
is itself the aummum genius of dyn- 
amical science. Accordmgly,itwillbe 
observed that no attempt is made 
above to assign it to any higher class, 
such as things^ entities, or concepts. 
Nothing would be gained, for ex- 
ample, by saying that a power is the 
tendency to initiate or terminate mo- 
tion; it is best described by the in- 
definite statement given at the head 
of this chapter. It is simply that 
which produces or destroys, increases 
or lessens, motion in any particle or 
particles of any substance whatsoever 
cognisable by man. 

Powers are of two sorts, Forces 
and Energies, the differences between 
which will be fully set forth in sub- 
sequent chapters. Meanwhile, as a 
help to the provisional comprehension 
of the nature of Power, which can 



scarcely be grasped at first in the ab- 
stract terms of our formal definition^ 
it may be mentioned that amongst^ 
the varieties of Power are such Forces 
as Gravitation, Cohesion, and Chemi- 
cal Affinity, besides such Energies as 
Heat, Electricity, and Light These 
expressions are here employed in 
their popular sense, merely as guides 
to the sort of concept provisionally 
set forward for the term Power, until 
the subsequent investigation has 
rendered possible a more rational 
and comprehensive notion in th& 
mind of the reader. 



CHAPTER n. 

FORGE. 

A FORCE is a power which initiates 
or accelerates aggregative motion^ 
while it resists or retods separative 
motion, in two or more particles of 
ponderable matter (and possibly also 
of the ethereal medium). 

All particles possess the Power of 
attracting one another — ^in other 
words, of setting up mutually aggre- 
gative motion — ^unless prevented by 
some other Power of an opposite na- 
ture. Thus a body suspended freely 
in the air is attracted towards the 
earth by the Force (or aggregative 
Power) known as Gravitation. A 
piece of sugar, held close over a cup 
of tea, attracts into itself the water 
of the tea-cup, by the Force (or ag- 
gregative Power) known as Capil- 
larity. A spoon left in tea grounds 
or a foot planted on the moist sand 
similarly attracts the neighboring 
drops. A piece of iron or coal ex- 
posed to free oxygen (each at a cer- 
tain fixed temperature) attracts the 
particles of oxygen by the Force 
known as Chemical Affinity. In 
every case there must be an absence 
of counteracting Energies (or separa- 
tive Powers) sufficient to prevent the 
union of the particles, as ^vill be 
shown hereafter : but for the present 
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it will be enough to notice that every 
particle attracts every other particle 
in some one of various ways, unless 
prevented by other Powers.* 

Not only, however, do all particles 
thus attract one another, but they also 
resist all attempts to separate them 
from one anotiier. A weight sus- 
pended in the air falls to the ground: 
but it also resists any attempt to re- 
move it from the ground, which can 
only be done by the employment of a 
proportionate Energy (or separative 
Power). The water which the sugar 
has absorbed can only be drawn from 
it by the Energy of suction. The 
oxygen with winch the iron has 
united can only be driven off by the 
Energy of heat: while the carbonic 
anhydride and water which resulted 
from the burning of the coal yield 
only as a rule to the separative 
Energy of hght or electricity. In 
every case the Force which brought 
two or more particles together in the 
first instance keeps them united ever 
after, and must be neutralized by an 
equal Power of an opposite descrip- 
tion before they can be disjoined. 



CHAPTER in. 

ENERGY. 

An energy is a power which resists 
or retards aggregative motion, while 
it initiates or accelerates separative 
motion, in two or more particles of 
ponderable matter or of ilie ethereal 
mediinn. 

All particles, or aggregates of par- 
ticles, not actually in contact with 
one another in stable equilibrium at 
the absolute zero of temperature, are 
kept apart by an Energy or separative 
Power of some sort, which prevents 
them from aggregating as they would 
otherwise do under the influence of 

'^The term 'to attract' must be strictly accepted 
in the eense of actually Betting up aggregative mo- 
tion, not merely in that of a tendency to euch 
motion. The tendency always subsists, in spite of 
counteracting causes, and is immediately actuaUsed 
upon their removal. 



the Forces inherent in them. Thus 
the moon is prevented from falling 
upon the earth, and the earth froQi 
falling into the sun, by the Energy 
of their respective orbital motions. 
A ball shot from a cannon into the 
air is prevented from falling by the 
Energy of its upward flight. A red- 
hot poker has its particles kept apart 
by the Energy of heat. In every case, 
so soon as the Energy is dissipated 
(as hereafter explained) the ball 
yields to the aggregative Power of 
Gravitation, and the poker contracts 
to its ordinary dimensions ; while 
there is no reason to doubt that un- 
der similar circumstances the moon 
and the earth will aggregate with the 
sun. The particles of water are kept 
in the Hquid state by the Energy 
known as latent heat* and so are 
those of steam: when the latent 
heat' is dissipated, the steam con- 
denses and the water freezes. There 
are many apparent exceptions; but 
they will be considered at later stages 
of the argument. For the present, 
the reader must be content to imder- 
stand the word Energy (when used 
in this treatise) only in the sense 
here given to it of a Power which re- 
sists or retards aggregation. < 

Energies also initiate separative 
motions. Thus, a cannon ball is 
raised by Energy to a distance from 
the main mass of the earth which 
usually holds it bound by Gravitation 
on its surface. A poker placed in the 
Are has its particles separated from 
one another by the Energy of Heat. 
When ice melts or water is converted 
into steam, the same Energy simi- 
larly severs their particles from one 
another and places them in positions 
of relative freedom. In the electrol- 
ysis of water the Energy of the gal- 
vanic current tears asunder the atoms 
of hydrogen and oxygen from their 
close union in the compound mole- 
cule. In short, wherever we see 
masses or particles in the act of 
separating from one another, we 

*I continue to employ for the present this well- 
known but very incorrect expression. 



know that the sepaxation is due to 
some Energy. 



■ CHAPTER IV. 

H THE BPECIEB OF FOBCE. 

FoscKB may be moat convenisntly 
divided according to the nature of 
the particles or bodies in which they 
initiate and accelerate aggregative mo- 
tion or resist and retard eeparative 
motion. Of these, there are four 
principal kinds known to us or con- 
jectured by ne. The first kind is the 
Moss or visible aggregation of par- 
ticles, which admits of mechanical 
separation into minor masses. The 
second kind is the Moleculej or vilti- 
mate mechanical unit, which does not 
admit of subdivision, except by reso- 
lution into its chemical components. 
The third kind is the Atom, or ulti- 
mate chemical unit, which does not 
admit of subdivision by any known 
means, though it may perhaps be 
resoluble hereafter into some simpler 
and more primitive units. The foortb 
is the Electrical Unit,* whose nature 
is -very inadequately known to us, but 
which mnst be considered for our 
present purpose as in some way tha 
analogue of the others, though we 
have no sufficient warrant for giving 
it any material properties. 

The Force which aggregates 
Masses and resists the separation of 
Masses is known as Gravitation. 
When any two Masses are left free to 
act upon one another without the 
counteracting influence of an Energy, 
they aggregate in obedience to this 
Power. When the cannon ball falls 
upon the earth, it is Gravitation 
which di-aws them together. When 
an aerolite comes within the circle of 
the earth's attraction, it is Gravita- 
tion which makes them leap towards 
one another. If the moon were to 
lose its orbital Energy, Gravitation 



would pnll it to the earth ; and if our 
planet in her turn were suddenly 
checked in her course, Gravitation 
would cause her to plunge into the 
sun, while the sun in return would 
make a slight bound to meet her. 
Again, when any two Masses are in a 
state of aggregation, the Force of 
Gravitation resists any attempt to 
sever them. If the cannon ball4ies 
upon the ground, it cannot be raised 
without an expenditure of Energy, 
and the amount of Energy required 
to lift it to a given height (or dis- 
tance from the sni'face of the earth) 
is the measure of the resistance of- 
fered by Gravitation. Similarly, 
when the Masses are not in actual 
contact owing to the existence of an 
Energy which keeps thom apart, as 
in the case of the earth and her 
satellite, or the sun and the plauets. 
Gravitation resists any attempt to 
sever them beyond their actual dis- 
tances. It would be impossible to 
remove the moon a hundred miles 
from the earth, or the earth a him- 
dred miles from the sun, except by 
the employment of an adequate 
Energy; and, as in the simpler case, 
the amount of Energy required would 
be the measure of resistance offered 
by Gravitation. 

The Force which aggregates Mole- 
cules and resists the separation of 
Molecules is known as Cohesion. 
When any two Molecules are left free 
to act upon one another without the 
counteracting influence of an Energy, 
they aggregate in obedience to this 
Power. But the cases are much more 
difficult to illustrate than those of 
gravitation, because while ronsses at- 
tract one another powerfully at very 
conspicuous distances, Molecules 
(practically speaking) only attract one 
another at inflnitesimal distances. 
The difference, however, which is 
purely relative, may thus be illus- 
ti-ated and explained. An aerolite is 
not drawn on to the earth unleaBit 
approaches the earth very closely, 
because otherwise the earth's attrac- 
tion, though causing a deviation in 
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its course, does not suffice to over- 
come the aerolite's energy and the 
combined attractions of surrounding 
bodies. But if it be near enough to 
be more powerful than all of them 
put together,* the aerolite either 
circles round the earth as a satellite 
or even falls at once upon its surface. 
Similarly with Cohesion. If two 
pieces of uneven iron be laid upon 
one another, the molecules do not 
approach near enough to exert any 
conspicuous mutual influence: but il 
the two pieces be planed to an abso- 
lute smoothness, so that the several 
molecules can come within the sphere 
of their mutual attraction, they will 
cohere perfectly, and it will be im- 
possible to tear them asunder. Again, 
in other cases, Cohesion can only be 
effected by such a molecular motion 
(or heat) as will cause the Molecules 
to approach one another closer than 
they can be induced to do by 
mechanical means: just as an aero- 
Hte which would not under ordinary 
circumstances come (practically speak- 
ing) within the sphere of the earth's 
attraction, might do so if it were 
given an oscillating motion from side 
to side, so as to cross or closely ap- 
proach some portion of the earth's 
orbit. Thus, two pieces of iron, if 
heated, will cohere with one another. 
Furthermore, the molecular motion 
inherent in tiie liquid form is often 
sufficient for this purpose: thus, two 
masses of dough, which will not co- 
here in the dry condition, can be 
made to do so by the addition of 
moisture. In the practice of gum- 
ming and glueing, we make use of 
this device in every day life. A fur- 
ther account of these phenomena 
will be given in the chapter on 
Liberating Energies. The second 
property of Cohesion, that of resist- 
ing the separation of Molecules actu- 
^y aggregated, is much more 
familial' to us. If two Molecules or 
bodies of Molecules are in an aggre- 
gated condition — that is, are not 
» ■ 

* I take for granted on the reader's part a knowl- 
edge of the law of inverse squares. 



rendered plastic or liquid or gaseous 
by some form of Energy — we cannot 
separate them without a considerable 
expenditure of Energy. The Energy 
may be in the form of a mechanical 
action, as when we tear or break a 
cohering substance; or of heat, as 
when we melt lead; or of the con- 
tained motion of Hquids, as when we 
dissolve a lump of sugar. But in any 
case Energy must be expended to 
counteract the aggregative Force of 
Cohesion in solid bodies. 

A. qualification must be added to 
prevent miscdhception. The coher- 
ing Molecules need not be supposed 
to be in actual physical contact with 
one another. It is sufficient that 
they should be within the sphere of 
one another's attraction ; just as the 
moon is kept in its place by the 
earth, and the planets by the sun, in 
spite of the intervening space. 
Theoretically, of course, everybody 
in the universe attracts every other ; 
but as the attraction decreases as the 
squares of the distance, at practically 
infinite distances it becomes practi- 
cally infinitesiiiial and can be over- 
come by an infinitesimal Energy. 
This is fche case ordinarily with Co- 
hesion: at very slight distances its 
Force is so diiuinished that only an 
imperceptible amount of Energy is 
required to counteract it. But there 
is no reason to doubt that when the 
two rough pieces of iron are laid 
upon one another, the supporting 
points, so to speak, come within the 
sphere of mutual attraction, though 
their number and area are so small 
that we cannot perceive the resist- 
ance resulting from their Cohesion 
when we separate the pieces. In 
short, Cohesion always tends to act 
between all Molecules, but its effects 
may be disguised either by distance 
or by counteracting Energies. Other 
cases vnll be treated in the chapter 
on Mutual Interference of Forces. 
Adhesion and Capillarity are only 
forms of Cohesion. 

The Force which aggregates Atoms 
and resists the separation of Atoms 
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is known as Chemical Affini t y . As 
here employed it will be understood 
to mean not merely the Force which 
imites the Atoms of two or more ele- 
ments into a compound molecule, but 
also the identical Force which unites 
two or more atoms of the same ele- 
ment into a molecule such as that of 
ozone. When any two or more Atoms 
(or equivalents in combining propor- 
tions) are left free to act upon one 
another without the counteracting 
influence of an Energy, they aggre- 
gate in obedience to this Power. As 
in the case of cohesio;;^, however, the 
Atoms must be brought into close 
contact with one another. When 
phosphorous is exposed to oxygen 
the aggregation is immediate. But 
i^ other cases a certain amount of 
molecular or Atomic motion is needed 
in order to bring the Atoms within 
the sphere of their mutual attrac- 
tions. Thus heat is necessary to make 
carbon combine with oxygen, as in 
the ordinary phenomenon of combus- 
tion : while the more subtle motion 
of light suffices to effect a union be- 
tween hydrogen and. chlorine. But 
we may broadly assert that whenever 
free Atoms find themselves in the 
presence of a free Atom for which 
tfeey have affinities (the proper pro- 
portions being of course supposed), 
and are brought within the sphere of 
their mutual attraction, and the two 
Atoms or sets of Atoms aggregate 
imder the influence of Chemical At- 
traction. Here, again, a qualifica- 
tion is needed. The above rule holds 
only for free Atoms. Just ns a ball 
suspended by a rope from the ceiling 
does not fall to the ground, because 
the Force of cohesion outbalances 
the Force of gravitation, so when 
two or more Atoms, united in stable 
combination, are brought into con- 
tact with other Atoms for which they 
have affinities less strong than those 
of their existing combination, they 
will not yield up their stronger to 
their weaker affinity. (See the sub- 
sequent chapter on Mutual Interfer- 
ence of Forces.) And again, just as 



the ball will break the rope, if gravi- 
tation outbalances cohesion; so, if 
the new affinities are stronger than 
the old ones, the Atoms will yield up 
their previous combination and enter 
into that to which they are most 
powerfully attracted. The second 
mode in which Chemical Affinity acts 
is in resisting the attempt to sepa- 
rate the component Atoms of a com- 
pound body. Setting aside for the 
present certain very abnormal cases 
in which ' unstable * bodies spon- 
taneously decompose— cases which 
can only be explained at a very late 
stage of our exposition — all ordinary 
* stable* compounds require an 
Energy to separate their Atoms. 
Thus heat is needed to divide the 
Atoms of oxygen from those of iron 
in ferric oxide: while electricity is 
necessary to sever the Atoms of 
hydrogen from those of oxygen in 
water. This statement must be un- 
derstood as applying only to the 
separation of free elements, not the 
formation of new compounds. Mere 
juxtaposition is sufficient to make 
certam compound bodies yield up 
their weaker affinities in the presence 
of stronger ones: but (with the 
special exception noted above, chiefly 
referring to organic compounds) an 
Energy is required to separate any 
compound into its component Atoms 
in a free state, without the aid of 
stronger antagonistic affinities. 

The Force which aggregates Elec- 
trical Units and resists the 
separation of Electrical Units is 
known as Electrical Affinity. This 
Force is httle understood, and can 
only be treated in a very symbohcal 
maimer. What few points can be 
formulated are briefly these. When 
Positive and Negative Electricities 
are left free to act within the sphere 
of their mutual attractions, they are 
aggregated by this Force, as in the 
discharge of a Leyden jar. In saying 
this, no implication of materiality is 
meant to be conveyed. In our present 
ignorance on the subject, Electrical 
Affinity must be placed in the same 
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category as other Forces; though 
further researches will doubtless en- 
able us to give a better account of 
its real nature. Similarly, an Energy 
is necessary to separate the Positive 
and Negative Electricities which sub- 
sist in combination in every material 
body. In the case of a glass rod or 
an electrical machine this Energy is 
that of mechanical motion: in cer- 
tain other cases it is of thermal or 
chemical origin. These points will 
receive further consideration in the 
chapter on Electrical Phenomena. 

A table will put in a clearer light 
the classification here adopted. 

FORGES OR AGGREGATrTE POWERS. 



Molar 


Molecular 


Atomic 


Electric 


Gravitation 


Cohesion 


Chemical 
Affinity 


Electrical 
Affinity 



CHAPTER V. 

THE SPECIES OF ENERGY. 

Energies may be most convenient- 
ly divided on the same principle as 
Porces, according to the nature of 
the particles of bodies in which they 
initiate or accelerate separative mo- 
tion, and resist or retard aggregative 
motion. But owing to the existence 
of two modes of Energy, the Poten- 
tial and the Kinetic, whose peculiari- 
ties will form the subject of our next 
chapter, it will not be possible to 
assign a single definite name to each 
species, as was \he case with the vari- 
ous Forces. It must suffice for the 
present to quote a few well-known 
instances of each. 

The energies which separate Masses 
and resist tiie aggregation of Masses 
may be summed up under the title 
of Molar Energies.* Of Molar 

*We shall see hereafter that these species are in 
reality just as simple as those of Forces ; bnt for 
the reader's convenience they are exhibited here 
under familiar aspects, which give them an ap< 
pearance of plurality and indeflniteness. 



Energies empldyed in actual sepai^ 
tion, a familiar instance is given 
in our own persons, when we lift a 
weight from the ground or carty 
ourselves to the top of a hill, thereby 
counteracting the Molar Force of 
gravitation by raising a body to a 
greater distance than before from 
the centre of the earth's attraction. 
Another instance is seen in a cannon 
ball fired vertically, or a stone lifted 
by a crane. On a larger scale, any 
fresh Energy employed in removing 
the moon further from the earth or 
a planet from the sun would be a 
Molar Energy. Any Mass thus sep- 
arated from another attracting Mass 
is said in the current language of 
physics to possess Visible Energy of 
Position, a term which we shall ex- 
amine and endeavor to amend here- 
after. Of Molar Energies employed 
in resistance to aggregation the most 
familiar instance is that of orbital 
movement. The moon is prevented 
by this Energy from aggregating with 
the earth, and the pkmets wi& the 
sun, as they would otherwise do un- 
der the influence of Molar Force or 
gravitation. On a smaller scale, the 
Energy of a bird in flying or a can- 
non ball fired horizontelly is largely 
employed in counteracting gravita- 
tion. It is seldom, however, that we 
see Energy thus employed, except in 
the case of the heavenly bodies, be- 
cause the Molar Force exerted by 
the earth in its immediate vicinity is 
so strong as to overcome ordinary 
Energies after a very short period of 
dissipation. Masses of the sort here 
described are said in the current 
phraseology to posses Energy of 
Visible Motion, which expression, 
like the former one, will receive at- 
tention at a later point. 

The Energies which separate Mole 
cules and resist the aggregation of 
Molecules may be summed up under 
the title of Molecular Energies. Of 
Molecular Energies employed in sep- 
aration we have a common instance 
in heat, which draws apart the Mole- 
cules of a red-hot poker or a mass 
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of boiling water, in opposition to the 
Molecular Force of Cohesion. The 
contained Energy of water acts in 
the same manner on a lump of sugar 
or a mass of dry dough. Of Molecu- 
lar Energies employed in resistance 
to aggregation, heat under its con- 
Terse aspect affords us an example. 
The Molecules of all bodies are pre- 
vented from aggregating into their 
most compressed form by the pres- 
ence of heat. Thus the red-hot 
poker only contracts so fast as it 
loses its Energy by radiation. The 
contained Energy (or ' latent heat ') 
of water similarly prevents its aggre- 
gation into ice. Large masses of 
water before freezing part with their 
Energy in the visible form of heated 
mist. 

The Energies which separate At- 
oms and resist the aggregation of 
Atoms may be summed up under the 
title of Chemical Energies. A cau- 
tion as to the sense in which this 
term must be here accepted is ap- 
pended below. Of Chemical Ener- 
gies employed in separation, we have 
an instance in the electrolysis x)f 
water. The Energy disengaged by 
the union of elements in the battery 
is used up in producing chemical 
separation between the atoms of the 
electrolyte. Light produces a simi- 
lar effect upon carbonic anhydride 
and water in the leaves of plants. 
Any Energy which separates a com- 
pound body into simpler or element- 
ary bodies may be regarded as a 
Chemical Energy in the sense here 
intended. Of Chemical Energies em- 
ployed in resistance to aggregation, 
no unequivocal instance can be cited 
at our present stage, though this 
apparent anomaly will be cleared up 
as we proceed. For the time the 
reader must be content to accept as 
an instance the fact that many Atoms 
will not combine with one another 
at a certain high temperature: the 
same temperature, in fact, at which 
they are driven off from their com- 
bination when actual. It will be no- 
ticed that, for the sake of uniformity, 



a somewhat new sense has here been 
given to the term 'Chemical Energy.' 
As ordinarily used at present, that 
term refers to the strength of the 
tendency which a body shows to unite 
with other bodies. It will be seen 
in the sequel that this is really a 
property depending upon separation 
and chemical nature : just as a body 
in proportion to its height and mass 
shows a tendency to aggregate with 
the earth: but, meanwhile, it is nec- 
essary to impose a new sense upon 
the term, in keeping with the analo- 
gous term 'Chemical Affinity,' which, 
we have appHed to the Force that 
aggregates Atoms. 

The Energies which separate Elec- 
trical Units and resist the aggre- 
gation of Electrical Units may be 
summed up under the title of Elec- 
trical Energies. As in the case of 
Electrical Forces, our treatment of 
this department must be considered 
purely temporary and symbolical. Of 
Electrical Energies employed in sep- 
aration we have an instance in the 
electrial machine, where fricjbion pro- 
duces a disunion of the Positive and 
Negative Units. Similarly in the tor- 
pedo and gymnotus. Of Electrical 
Energies employed in resisting ag- 
gregation there is again no unequiv- 
ocal instance. The illustration of this 
deficiency must be left to later chap- 
ters. 

Throughout, both in the case of 
Forces and Energies, it will be no- 
ticed that the same Power which 
initiates and accelerates one kind of 
motion equally resists and retards 
the other kind of motion. Thus, 
Gravitation both initiates movements 
of masses towards centres of attrac- 
tion, and resists movements of mass- 
es away from centres of attraction. 
Cohesion both draws molecules to- 
gether, and resists the separation 
of molecules: while heat draws mole- 
cules apart and resists the aggrega- 
tion of molecules. So that these two 
Powers, the aggregative and the sep- 
arative, are incessantly opposing and 
I antagonizing one another in all bodies. 
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great or small. The amonnt of ag- 
gregafdon reached by any system of 
bodies at any point of tune depends 
upon the relative proportions of its 
Forces and its Energies at that mo- 
ment. 

A table is scarcely needed for the 
contents of this chapter ; yet for the 
the sake of symmetry one is here 
appended. 

ENERGIES OB SEPARAITVE POWEBS. 



.Molar 


Molecular 


Atomic 


Electric 


Molar 
Energy. 


Molecular 
Energy 


Chemical 
Energy 


Electrical 
Energy 










OFAPT 


CER Vl. 





THE MODES OF ENEBGT. 

Enebgy has two Modes, ordinarily 
known as the Potential and the Ki- 
netic: but the terms Statical and 
Dynamical are much preferable. Nev- 
ertheless, in order not to disturb un- 
necessariy the received terminology, 
the former expressions will be gener- 
ally preserved in this treatise. 

The two Modes of Energy are inter- 
changeable with one another: the 
Potential can pass into the Kinetic, 
and the Kinetic into the Potential. 
Each species of Energy, Molar, Mo- 
lecular, Atomic, and Electrical, is 
represented in both modes. 

Potential Enebgt (a very bad 
name) is equivalent to actual or stat- 
ical separation. Any mass, mole- 
cule, atom, or electrical unit, in state 
of separation from other masses, mol- 
ecules, atoms, or electrical units, 
possesses Potential Energy. The 
subject may conveniently be consid- 
ered under the four heads hence aris- 
ing. 

Molar Potential Energy is equiva- 
lent to the statical separation of 
Masses. The moon posesses this En- 
ergy relatively to the earth, and the 



planets to the sun."" The cannon 
ball, shot vertically, has Molar Po- 
tential Energy at the instantaneous 
neutral point when it has reached its 
greatest height and has not yet be- 
gun to fall. A stone on a mountain 
top or a head of water on its side has 
also the same Energy. In short. 
Molar Potential Energy is possessed 
by all discrete Masses in virtue of 
their separation. It is commonly 
known as Visible Energy of Position. 
Molecular Potential Energy is 
equivalent to the statical separation 
of Molecules. Two planed surfaces 
of iron possess this Kiergy, until by 
apposition they are made to unite. 
The molecules of water, dispersed as 
steam, similarly possess it, in the 
form commonly known as latent 
heai' When steam condenses or 
water freezes, the Energy is yielded 
up in the Kinetic form. 

Atomic Potential Energy is equiva- 
lent to the statical separation of 
Atoms. It is possessed by every free 
Atom of an element, and by every 
compound Atom whose affinities are 
not fully saturated. Thus an Atom 
of carbon has Potential Energy in 
relation to two separate Atoms of 
oxygen, with which it may unite ta 
form carbonic anhydride. Similarly, 
chlorine has Potential Energy rela- 
tively to sodium, with which it may 
unite to form common salt. Such 
cases, however, must be carefully 
distinguished from those of prefer- 
ential attraction where a body leaves 
its union with one element to com- 
bine with another for which it has 
stronger affinities : as when the CI of 
HCl leaves the H to unite with Na^ 
in NaCl. This last instance is really 
analogous to that of the cannon ball 
which breaks the rope that ties it be- 
cause the Force of Gravitation has 
outbalanced that of Cohesion. 

Electrical Potential Energy is 
equivalent to the statical separation, 
of Electrical Units. In a Leyden jar, 

'*It may excite surprise to see these relations de- 
scribed as statical. The term is only employed in 
a relative sense, as opx>OBed so the dynamical en- 
ergy of a falling body. 
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the opposite eleotridtiea of the innei- 
and outer coats exhibit this relation. 
In a tbonder cloud and the earth be- 
naath it we have a substantiaUy simi- 
lar division of the Positive and Nega- 
tive TTnita. The Btatement of these 
facta must be accepted with the usubI 
caution as to the pnrelj symbolical 
nature of our electrical conceptions. 

From the potential we pass on to 
the Kinetic Mode. It will not be im- 
mediately apparent in what sense 
Kinesis is an Energy in accordance 
with our definition : bnt, here again, 
the reader must courteously waive 
hia objections for the present, and 
accept the statement provisionally, so 
f£tr as he finds possible. Many diffi- 
culties of this sort necessarily beset 
the explanation of every new point of 
view, especially where previous mis- 
conceptions have clonded and em- 
barrassed the mental vision: 

EiNane Energy is equivalent to 
motion. Any mass, molecule, atom, 
or electrical unit, in a state of motion, 
possesses Kinetic Energy. The sub- 
ject may be conveniently considered 
under the four heads hence arising. 
Bnt, just OS before, when dealing 
with Energy generally, we found that 
-we could not divide it into species so 
definite in their likeness as those of 



fested in two Modes, Uie Potential 
and the Kinetic: so here, when we 
are dealing with Kinetic Energy 
specially, we shall find that it cannot 
be divided into species so definite as 
those of the Potential Mode, because 
Kinesis itself is divisible into several 
Kinds, whose nature wUl form the 
subject-matter of the succeeding 
chapter. 

Molar Kinetic Energy is equivalent 
to the relative motion of Masses. It 
is seen in the fall of an unsupported 
weight or a spent cannon bEill to the 
«artii. It is also seen in the rising 
of the ball, the flying of a bird, or 
the walk of a man. Again, it is seen 
in the orbital motion of the planets, 
and in the spinning of a top. These 
-various Kinds of Kinesis wUl be fully 
discussed in the nest chapter. 



Molecular Kinetic Energy is eqiva- 
lent to the relative motion of Mole- 
cules. It is found in the falling to- 
gether of Molecules of steam into 
water. It also occurs in the disrup- 
tion of a cohering mass. And it is 
more conspicuous in the phenomenon 
of heat. 

Atomic Kinetic Energy is equiva- 
lent to the relative motion of Atoms. 
It is seen in that rushing together of 
Atoms which results in chemical com- 
bination. It also occurs in the 
severing of Atoms from the combined 
state. But it is not known to have 
any continuous form analogous to 
the orbital motion of a planet, the 
spinning of a top, or the regular 
vibration of heat. 

Electrical Kinetic Energy is equiv- 
alent to the relative motion of Elec- 
trical Units. It is seen in the light- 
ning, in the discharge of a Leyden 
jar, and in the galvanic current. 

It will doubtless seem strange to 
the reader to find the motion of 
masses, molecules, and atoms to- 
■wardt one another spoken of as a 
manifestation of Energy : but this 
seeming inconsistency will be ex- 
plained in the succeeding chapter. 
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The foregoing table will clearly 
exhibit the relations here described, 
one example only of each species 
being cited. 



CHAPTER Vn. 

THE KINDS OF KINESIS. 

Motion has three Kinds, consid- 
ered from our present standpoint. 
It may be separative, or it may be 
aggregative or it may be continuous 
and neutral. Each species of Kinetic 
Energy has a form of each Kind. 

Molar motion may be separative, 
as when a cannon ball is shot up into 
the air; or aggregative, as when the 
same cannon ball falls to the earth ; 
or continuous and neutral, as when 
a top spins in the same place. 

Molecular motion may be separa- 
tive, as in tearing asunder a mass ; 
or aggregative, as in combining 
steam ; or continuous and neutral, as 
in the case of heat. 

Atomic motion may be separative, 
as in decomposition ; or aggregative, 
as in the act of combining. The con- 
tinuous and neutral stage is not at 
present known, though there is 
reason to think that it exists. 

Electrical motion may be separa- 
tive, as when the Positive and Nega- 
tive Electricities are divided ; or ag- 
gregative, as when they are uniting. 
The continuous stage is possibly 
given us in the current which is sup- 
posed to circle round a magnet. 

It was noticed in the last chapter 
that there was an appearance of 
contradiction in the statement that 
aggregative motions were yet mani- 
festations of Energy. That difficulty 
must now be met. 

When a cannon ball is shot up into 
the air, the motion is obviously 
separative, and there can be no doubt 
of its being a manifestation of Energy. 
Similarly, when a set of molecules 
are separated by mechanical Power 
or by heat, when a chemical com- 
pound is broken up into its elements, 



and when the Positive and Negative 
Electricities are sundered from one 
another, the separative nature of the 
process is obvious. We can have no 
hesitation in assigning each of these 
cases to the action of an Energy. 

But when we look at the continuous 
and neutral motions, their character 
as Energies is less obvious. A 
moment*s consideration, however, will 
make it clear. The orbital motion of 
the planets is a continuous Energy 
which prevents them from aggregat- 
ing with the sun as they would 
otherwise do. The motion of the top 
in like manner prevents it from 
falling on to the earth. The con- 
tinuous vibratory molecular motion 
(or heat)of the red-hot poker prevents 
the steam or the water particles from 
aggregating into their cooled or 
hquid or soHd states respectively. In 
short, whenever a body or molecule 
in a free state does not aggregate 
immediately with the other bodies or 
molecules which attract it, it is kept 
apart from them in virtue of some 
continuous or neutral movement.* 
So soon as it parts with its Energy 
(or motion), it aggregates with the 
attracting body. Thus when the 
steam loses its heat it condenses into 
water; when the water in turn is 
deprived of heat, it freezes into ice ; 
when the poker cools, it contracts; 
when the top parts with its motion 
to the air on the surface, it falls : and 
we have no reason to doubt that when 
the planets have dissipated their 
Energy of orbital movement by 
ethereal friction they will fall into the 
sun. This general principle — that 
free bodies can only be kept from 
aggregating by a continuous move- 
ment— -is one of great importance, 
whose value will be seen hereafter. 
A body in such a state of continuous 
movement, which prevents it from 
aggregating with another, is said to 
be in equilibrium mobile. 

♦The reader mnst be cautioned to notice the 
expression 'in a free state/ which excludes such 
instances as those of a weight tied by a string, or a 
chemical body already in stable combination, whose 
case will be considered in the chapter on the 
Mutual Interference of Forces. 



When, however, we come to the 
aggregative motiona, it would seem 
at first sight aa though these must 
be classed with Forces, not with En- 
ergiea. A conaiderable faculty of 
abetract thought is required to grasp 
their real relations; nevertheless wc 
must endeavor to solve the problem. 
In doing so, we must trench a httle 
on the subject-matter of future chap- 
ters, but only by alluding to facts 
already familiar to the reader. When 
the cannon ball reaches its highest 
point it possesses Potential Energy. 
But it does not remain suspended in 
the air. There are only two con- 
ditions under which it could do so, 
in opposition to the Force of gravi- 
tation : the first is if it is supported 
by a ledge or rope, in which case 
cohesion balances gravitation; the 
second is if it possesses continuous 
iinetic energy, in which case it would 
circle ronnd the earth es a satellite 
imtil its energy was dissipated. 
Practically, the esistenoe of the at- 
mosphere makes the second case 
pnrely imaginary within the limits of 
that medium, though it is exhibited 
in the ether by such a body as the 
moon. As the cannon ball does not 
fulfil! either of these conditions, it 
begins at once to fall. But the Po- 
tential Energy which it possesses 
becomes thereupon Kinetic, from 
moment to moment, until, at the in- 
stant of touching the earth, it has all 
assumed that mode. Now. we know 
that it does not then utterly diaap- 
peai-. The great principle of the 
Conservation of Energy teaches us 
that it ia changed into the form of 
heat. Accordingly, while the two 
masses aggregate, certain molecolea 
of each are separated by heat. At 
the moment of contact, all the motion 
of the fall, or Aggregative Molar 
Kinetic Energy, ia changed into heat 
(or separative Molecular Kinetic En- 
ergy!. There ia just as much separa- 
tion at laat as at first: only when 
the ball was at its height, the separa^ 
tion waa molar; and when the ball 
has touched the earth, the acparation 



is molecular. The formula which 
tells us bow many heat-units are 
generated by the fall of such and 
such a mass through ao many feet, is 
a formula for t£e equivalence of 
molar separation with molecular 
separation. Bnt in the intermediate 
time, during the fall. Potential En- 
ergy was disappearing every moment, 
and motion was taking its place. 
Though this motion waa aggregative, 
yet, when the ground waa reached, 
it changed into the separation of 
heat. Accordingly, we ai'e justified 
in regarding it as essentially a transi- 
tory form of separative Power. Thja 
\vill be still clearer if we take such a 
case as the moon's. That satellite, 
though attracted by the earth, is yet 
prevented fi-om aggregating by its 
orbital movement. It possesses Po- 
tential Energy in virtue of its separa- 
tion, but this does not assume the 
aggregative Kinetic form on account 
of the continuous orbital Energy. If, 
however, we suppose the moon to 
iiave lost its orbital movement, still 
retaining its present position and 
size, it would at once yield to the 
earth's attraction, and all its Poten- 
tial Energy would become Kinetic. 
When it reached the earth, the shock 
of its fall would reduce it to a very 
heated state, and an immense increase 
in aize would result from the separa- 
tion of its particles. The merely 
transferential nature of the aggrega- 
tive motion ia here clearly seen. So 
too, in the case of molecules. The 
Potential Energy of steam is given 
up when it condenses into water j 
and the Potential Energy of water 
when it forma into ice. Similarly 
with atoms. When oxygen unites 
with carbon and hydrogen in a can- 
dle, their Energy is yielded up in the 
form of heat, which produces a sepa- 
ration (or rarefaction) in the neigh- 
boring atoms of the atmosphere. 
The same truth is shown in the heat 
and light evolved during the aggre- 
gation of Positive and Negative Elec- 
tricities. Throughout we see that 
aggregative Energy is merely Poten- 
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tial Energy in the coorea of tranB- 
iormation to snoUier form. While 
the reaUy aggregative Power of Force 
is causing these bodies to combine, 
the Energy of their motion represents 
for a wMle their original separate- 
xiess, and is finally tr^isformed into 
a Bimilar separateness between other 
bodies. 

A concrete instance will make this 
clearer. Let us suppose the case of 
a pulley, with a weight at each end, 
one suspended in the air at the lit- 
naost height of the . pulley, and the 
other slightly hghter, on Uie ground. 
The heavier weight poasesses Poten- 
tial Energy in virtue of its elevation ; 
but, if it is free to act, it is drawn 
down b^ the aggregative Force of 
^^vitation. In this case, however, 
all its Energy does not assume the 
Kinetic Mode as it drops : the great- 
er part of it is used up in elevating 
the lighter weight to the same height, 
■while the remainder chiefly goes off 
in the form of friction — that is, heat 
— that is molecular separation. There 
is thus a mere fraction left to be 
converted into beat when the weight 
touches the ground ; the mass of the 
Energy istill remains Potential in the 
lighter weight. Here we see that 
the Energy of a falling body does 
not consist in its mere downward 
movement, but rather in that accel- 
erating motion which is capable of 
being transformed into heat when 
the masses aggregate. .If the motion 
be infinitely slow, the amount of heat 
evolved will be infinitesimal. So that 
the Energy of Kinesis is seen to be 
a mere transferential mode from one 
kind of separation to another. Again, 
we may look at the similar instance 
of a clock, driven by a weight Here 
the weight possesses Potential En- 
ergy, in the same way as in the case 
of the pulley ; but it has opposed to 
it, not another weight (that is, gravi- 
tation), but friction (that is, cohe- 
sion).* As gravitation pulls down 
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the weight through each inch of its 
course, the Potential Energy so lost 
assumes the form of heat, or sepani- 
tive Molecular Motion, in the wheels 
and bearings. When the weijfht 
reaches the ground, its Energy has 
all been used up, and the aggregative 
movement has been a real disp&y of 
Force. 

Thus all the kinds of motion are 
ultimately shown to be forms of En- 
ergy or Separative Power. 
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Evert particle of matter has inher- 
ent in it certain Forces of which it can 
never be deprived- The total amount 
of Force or Aggregative Power in 
the universe is thus always a fixed 

I beslon vhicb miiBt be overcDme; but from tb« 
' \ of Tlaw of the Energy emplojed. frlctlou 
IS tlie i«puBtlTe power of heat wbicb over. 
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quantity. This principle may be 
Imown as the Persistence of Force. 
It must be carefully distinguished 
from the opposite principle of the 
Conservation of Energy, to which the 
same name has been frequently but 
most incorrectly applied. 

Eyery mass tends always to attract 
every other mass, and cannot be 
deprived of this tendency. The 
tendency may be masked for awhile 
by the intervention of other masses, 
as when a loose stene stands on the 
top of a wall, or by the presence of 
an Energy, as when the moon circles 
round the earth, or a ball is shot from 
a cannon ; but it cannot be got rid 
of : for as soon as the stone topples 
over with the wind it falls to the 
ground at once ; as soon as the ball 
parts with its Energy it similarly 
falls ; and as soon as the moon has 
got rid of her motion by ethereal 
friction, she will aggregate with the 
earth. 

Similarly with molecules, atoms, 
and electrical units: every one of 
them when in a free state, unre- 
strained by interfering Forces, and 
unacted upon by Separating Energies, 
rushes at once into a state of 
aggregation with its fellows. 

It is important to notice that Force, 
unlike Energy, is inherent and inde- 
feasible in every imit of matter. It 
may be counteracted for awhile by an 
Energy, but it still remains ready to 
act so soon as the Energy is dissipat- 
ed ; it never passes from one unit to 
another, as we shall see that Energy 
does. Force, or aggregative Power, 
is the primary and indefeasible 
attribute of every material particle. 



CHAPTER IX. 

THE CONSERVATION OP ENERGY. 

Tub total amount of Energy, Po- 
tential and Kinetic, existing in the 
universe is always a fixed quantity. 
It is not, however, like Force, rigidly 



bound up with the individual particles 
in which it is from time to time 
manifested. As we have already seen, 
it can be transferred from one particle 
or set of particles to another. For 
this reason it has been deemed 
desirable to embody the principle in 
different language from that which 
we employed in the somewhat analo- 
gous case of Force. While Forces 
persist, Energies are conserved. The 
concrete and practical results of this 
difference are enormous. 

It does not come within the scope 
of the present work to give a full 
account of the quantitative relations 
subsisting between the various species 
of Energy; it will be sufficient to 
trace their equivalence in its broader 
qualitative aspect. For this purpose 
we may consider the phenomena of 
Conservation under three heads: the 
passage of Energy from the Potential 
Mode, to the Kinetic, the passage of 
Energy from the Kinetic Mode to the 
Potential, and the passage- of Energy 
from one species of the Kinetic Mode 
to another. 

Potential Energy or relative statical 
separation* has a tendency constantly 
to pass into the Kinetic Mode, under 
the influence of Force. Every free 
body or particle, unless restrained by 
an antagonistic Force, or kept in 
separation by a continuous Kinetic 
Energy, is aggregated at once with 
other bodies or particles which attract 
it. A mass poised on a ledge or 
suspended by a rope is prevented 
from aggregating with the earth by 
the Force of cohesion; but when 
some external Energy has pushed it 
off the ledge or severed the rope, its 
Potential Energy passes at once into 
the Kinetic Mode, under the influence 
of gravitation. Two molecules of 
water vapor are prevented from 
aggregating under the relatively 
feeble attraction of cohesion at a 

*By this term is implied a eeparation which, 
though perhaps accompanied by actual motion* 
does not carry the two related bodies further away 
from one another. Thus, orbital motion in a perfect 
circle, or the upright spinning of a top, is statical 
relatively to the centre of gravity of the system ; 
while a fresh energy would be required to carry the 
related bodies furtiier away ttojn one another. 



FORCE AND ENEBGT. 



17- 



distance by their inertia — that is, by 
the relatively strong cohesion of 
surrounding or intervening matters 
(just as a mass on the table, though 
attracted by the earth, is prevented 
from aggregating by the intervention 
of the cohering boards) — ^but when 
some external Energy brings them 
within such a distance of one another 
that the resistances are overcome by 
their mutual attractions, their Poten- 
tial Energy becomes Kinetic, and they 
aggregate with one another. Two 
atoms (having affinities for one 
another) are similarly prevented from 
aggregating by inertia; but when 
brought within the sphere of their 
mutual attraction, their Potential 
Energy becomes at once Kinetic, and 
they combine with one another. So 
also, two electrical units are prevented 
from aggregating in the Leyden jar 
by the electrical neutrality of the 
glass partition ; but when a conduct- 
ing medium is made to connect them, 
their Potential Energy passes into 
the Kinetic Mode and they rush 
together at once. 

Kinetic Energy or motion often 
passes into the Potential Mode. The 
Kinetic Energy of actual separation 
always exhibits this interchange. A 
cannon ball fired in the air, the piston 
of a steam-engine forced up by the 
expansive Energy of the steam, a 
weight hauled by a pulley to a height, 
a man who has climbed a mountain, 
are all of them instances where Molar 
Kinetic Energy has become Poten- 
tail. The liquid condition of water 
melted from ice, the difPased state of 
vapor raised from water, are in- 
stances where Molecular Kinetic 
Energy has become Potential. The 
free hydrogen and oxygen of an 
electrolytic bottle, the iron and oxygen 
driven from their combination by 
heat, are instances where Atomic 
Kinetic Energy has become Potential. 
The negative and positive electricities 
of a Leyden jar, of a thundercloud 
and the earth, of the knobs of an 
electrical machine, are instances 
where Electrical Kinetic Energy has 
become Potential. 



Finally, Kinetic Energy often 
passes from one of its species to 
another. Molar motion passes into 
Molecular motion whenever one mass 
interferes with the motion of another. 
This is true whether the motion is 
aggregative, or separative, or con- 
tinuous. K a cannon ball be allowed 
to fall to the earth from a position of 
Potential Energy, all the Kinetic 
Energy which the mass acquires in 
its fall passes to the molecular species 
when it touches the ground, fl it be 
fired into the air, and immediately 
checked by an iron target, the same 
result occurs. And if a top be stopped 
in spinning or the moon checked in 
her course, exactly like effects are or 
would be produced. Molecular mo- 
tion passes into molar motion when- 
ever tiie free separation of the moving 
molecules is interfered with by the co- 
hesion of enclosing masses. Thus the 
steam in a cylinder pushes up the pis- 
ton by its expansion ; the freed nitro- 
gen in a discharge of gunpowder in like 
manner pushes out the ball; and the 
energetic movement of a heated gas 
bursts the vessel within which it is 
confined. Molecular motion also 
passes into atomic motion in decom- 
position by heat, and into electrical 
motion in the friction machine. 
Atomic motion passes into molecular 
motion when heat is generated by 
chemical combination. It also passes 
(apparently) into electrical motion in 
the galvanic current. Electrical 
motion passes into molecular motion 
when an interrupted current produces 
heat. Light, which is a phenomenon 
connected with the ethereal mediiun, 
must be neglected for the present. 

This relation is quantitative — that 
is to say, a definite amount of Po- 
tential Energy passes always into a 
definite amount of Kinetic, and vice 
versa, while a definite quantity of 
each species is equivalent to a definite 
quantity of each other species, in 
either Mode. The law of conserva- 
tion may therefore be subsumed under 
the following formula, where Astand? 
for Potential and B for Einetio En^ 
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ergy ; 1, 2, 3, and 4 for the Molar, 
Molecular, Atomic, and Electrical 
species, and 5 for the Kinetic Energy 
of the ether (of which more here- 
after): 

Al + A2 4- A3 4- A4 4- Bl 4-B2+B3-hB4:+ 
B5s=a constant quantity. 

But while the total of Energy, like 
the total of Force, is thus constant, 
the total of each mode and species 
varies from moment to moment 
Whereas the total of each Species of 
Force is as constant as the sum of 
their totals. 

Again, while each unit of Force is 
rigidly bound up with each atom of 
matter (with which it is perhaps 
identical),* each unit of Energy may 
pass from one mass, molecule, atom, 
or electrical unit to another. It may 
also pass from matter to the ethereal 
medium, and vice versa. This can 
only happen, however, t.o Energy in 
the Kinetic Mode. 

A mass in motion parts always 
with portions of its motion to all 
other bodies with which it comes in 
contact. It does so either by impart- 
ing to them a portion of its motion 
in the molar form (as when one bil- 
liard ball strikes another), or in the 
molecular form (as when heat is gen- 
erated by friction). Hence every mov- 
ing mass tends to part with all its 
Kinetic Energy more or less quickly, 
according as it is more or less im- 
peded in its motion '" more or less 
cohesion and gravitaikv,'^. Thus a 
cannon ball parts with all its Molar 
Kinetic Energy at once when it strikes 
an iron target, and very quickly when 
it is fired in the air; a billiard ball 
parts with it more slowly, as it hits 
the other balls and the cushions ; a 
quoit on ice more slowly still, as it 
meets the resistance of the air and 
the gentle friction of the ice; while 
a pendulum under an air pump hard- 
ly parts with it perceptibly by friction 
on its knife-edge, and a planet only 
by infinitesimal decrements to the 

*It is possible to regard each atom as a centre of 
Force (i.e. Aggregative Power) liable to separation 
from other centres by means of Energies (i.e. Sepa- 
rative Powers). 



ethereal medium. A molecule in 
motion parts similarly with a portion 
of its motion to every other molecule 
with which it comes in contact "When 
the two molecules, however, possess 
equal motions, or, as we of tener say,are 
at the same temperature, the amounts 
of gain and loss neutralize one an- 
other. But when the motions of the 
Molecules differ, the more energetic 
parts with a disproportionate amount 
of its motion to the less energetic, 
until the Energies of both are equal 
Hence it happens that whenever the 
molecules of any mass have a higher 
Kinetic Energy than that of sur- 
rounding bodies, the motion of its 
molecules is imparted to the sur- 
rounding bodies till a state of equality 
is reached. As to Atomic and 
Electrical motions, we know too little 
of their nature to speak with any 
confidence, but we see at least that 
they also tend to pass away from the 
bodies with which they were asso- 
ciated, and to assume the forms of 
light and heat. In short, without 
fully anticipating the chapter on the 
Dissipation of Energy, we may say 
that whenever masses, molecules, 
atoms, or electrical units are free to 
act in accordance with their aggre- 
gative tendencies, without interfer- 
ence of antagonistic Forces or re- 
straining power of continuous Kinetic 
Energies, they immediately unite, 
and impart their former Potential 
Energy in the Kinetic Mode directly 
to surrounding bodies, and ultimately 
to the ethereal medium. 

We may thus summarize the con- 
tents of the present chapter : the sum 
total of all Energies in the Universe 
is a constant quantity; and when- 
ever one mode or species of Energy 
disappears it is replaced by an 
equivalent quantity of another mode 
or species. 



CHAPTER X. 



THB INDESTBUOTIBnilTY OF POWER. 

The two generalizations briefly 
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-stated in the two preceding chapters 
xinder the titles of *The Persistence 
of Force' and 'The Conservation of 
^Energy ' may be summed up under a 
still wider generalization to which 
we shall apply the title of * The In- 
destructibility of Powei;.* It may be 
formulated as follows. 

The total amount of Power, ag- 
gregative or separative, in the XJni- 
Terse, is a consist quantity, and no 
Power can ever disappear or be de- 
Btroyed.* 

This short chapter cannot be en- 
larged by the addition of any further 
remarks. Like our first chapter on 
Power generally it does not admit 
of amplification. 



CHAPTER XI. 

THE MOTUAL INTEBFEBENOE OP FOBCES. 

As the various portions of matter, 
molar, molecular, and atomic, all pos- 
sess Forces of their own, it must nec- 
essarily happen that many bodies or 
particles are attracted in different 
directions with varying intensities by 
surrounding bodies or particles. 
Hence arises a certain cross attraction 
or Mutual Interference of Forces. 
"We shall consider in regular order 
the various modes in which each spe- 
cies of Force is opposed by interfer- 
ing Forces. 

Molar Force may be opposed to 
another Molar Force when two neigh- 
boring masses each tend to attract a 
third mass. If all three masses be 
in every respect free — that is to say, 
if there be no other restraining Force 
and no continuous Energy of relative 
motion — the three masses will aggre- 
gate simply. But in the lar^e plan- 

fBeaders of Mr. Herbert Spencer's System of Syn- 
tketiG PhiloiOfhy will doubtless observe that it is 
this ultimate generalization to which he refers 
nnder the style of the FiersUtence qf Force, and not 
either of the minor generalizations subsumed 
under it. The author, however, makes this state- 
ment solely on his own responsibility, and has no 
warrant from Mr. Spencer for doing so. It is not 
improbable that Mr. Spencer would energetically 
dissent ft'om acquiescence in the statement. 



etary bodies exposed to our observa- 
tion the orbital Energy counteracts 
all the Forces ; and we consequently 
see the sun, the earth, and the moon 
retaining their relative positions in 
spite of gravitation. There are cer- 
tain instances, however, where the 
interference of Forces is seen, even 
in the case of Molar Forces. Thus, 
a large body like a table does not 
perceptibly attract even very small 
bodies on the floor, owing to the 
superior Power of the earth's attrac- 
tion as a whole. Yet in the neigh- 
borhood of much larger masses, such 
as mountains, a slight deflection of 
the plummet has been observed, be- 
cause the attraction of the mountain 
has proved strong enough to coun- 
teract in part the attraction of the 
earth as a whole. 

Molar Force is more commonly in- 
terfered with by Molecular Force or 
cohesion. A weight placed on a table 
or a ball suspended by a cord cannot 
aggregate with the earth generally, 
because the Force of gravitation is 
overpowered by that of cohesion. At 
a certain point, however, the Power 
of gravitation outweighs that of co- 
hesion, and the table or the rope 
gives way. 

We can scarcely say with any cer- 
taintv that Molar Force is interfered 
with by Atomic and Electrical Forces : 
but there seems no reason to doubt 
that chemical attraction may act in 
opposition to gravitation by causing 
an atom to aggregate with another 
atom so as to raise it sHghtly above 
its previous level : while the position 
of a lump of iron suspended from a 
magnet (permanent or electro-mag- 
netic) probably represents the inter- 
ference of electrical with molar Force. 
Our aquaintance with these phenom- 
ena, however, is so very superficial 
that it would be premature to do 
more than hint at possible analogies. 

Molecular Force may be opposed 
by Molar Force in the above-cited 
instances of a mass laid on a table or 
hung by a cord. If the Molar Force 
overpowers the Molecular, the table 
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or cord breaks, and the mass falls to 
the ground. One Molecular Force is 
opposed by another Molecular Force 
in the curious case of what is called 
Molecular Tension. In such an in- 
stance, certain molecules on either 
side of a particular set of molecules 
tend to draw it towards them, and 
the stronger attraction finally suc- 
ceeds in doing so, leaving a disrupted 
portion on one side of the line. Mo- 
lecular Force is probably opposed by 
Atomic and Electrical Forces, though 
here again no very obvious instance 
can be cited. 

Atomic Force is possibly opposed 
by Molar Force as noted above. It 
is also possibly opposed by Molecular 
Force ; and tins seems not improbable 
when we recollect that many bodies 
will not combine chemically unless at 
a high temperature — ^in other words, 
unless their Molecular Force has been 
counteracted by an antagonistic en- 
ergy. One Atomic Force is certainly 
opposed by another Atomic Force 
when two different atoms, each having 
affinity for a third atom, are brought 
into close conjunction with it. iSiis 
occurs in all ordinary reactions ; and, 
as we see, the stronger affinity over- 
powers the weaker one. What may 
be the relations of Atomic to Elec- 
trical Force it would be premature 
even to guess. 

Electrical Force as a whole is too 
little understood to permit of defi- 
nite treatment. We may conjecture, 
however, that it is similarly affected 
with other Forces. In one case, at 
least, we can feel sure of an analogy. 
One Electrical Force can be opposed 
to another by placing two balls, pretty 
equally charged wifii Positive Elec- 
tricity, opposite to one another, and 
at equal distances from a ball charged 
with Negative Electricity. In this 
case we set up a state of cross-tension 
like that of the interfering masses, 
the molecular tension, or the rival 
chemical afiinities: and any slight 
difference in the two attractions will 
cause the one to outweigh the other. 
It would also seem as though, in the 



case of a Leyden jar, the molecular 
Force of the glass opposed the Elec- 
trical Force which tends to aggregate 
the opposite electricities: for when, 
the Electrical Force reaches a very 
high pitch, the electricities escape 
from some point on the metal sur- 
face, and leave a hole pierced through 
the glass. The analogy of this case 
to that of the broken rope or table is 
obvious. On the whole, however, the 
subject is still too ill-correlated with 
other departments of physics to allow 
of positive statements. 

In all the cases where the inter- 
ference of Forces produces an actual 
separation between masses or parti- 
cles previously in (relative) contact, 
it might at first sight seem as though 
there were really an exhibition of 
Energy and not of Force. As in the 
case of aggregative Energies, how- 
ever, a little consideration will correct 
this idea. For the bodies always fol- 
low the stronger Force; and the 
result is, a total of closer and more 
intimate aggregation than that which 
before subsisted. If the cord can 
resist the power of gravitation, then 
the union between its molecules is a 
more intimate one than that which 
would result from the aggregation 
of the ball and the earth. If, on the 
other hand, the cord cannot resist it, 
then the total of aggregation is in- 
creased by the fall of the ball. So, 
too, if a body in chemical combination 
with another body can resist the 
affinity of a third body brought near 
it, the existing union is shown to be 
a closer one than that proposed for it. 
If, on the other hand, it cannot resist 
it, then the new imion proves itself 
thereby to be closer and more inti- 
mate tiian the previous one. When 
we come > to consider the material 
universe as an aggregating total, 
whose separative iSiergy is being 
imparted to the ethereal imiverse, 
this point will become much clearer. 
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CHAPTER Xn. 

1HB SUPPBESSION OF ENEBOIES. 

Whxn a set of particles possessing 
^Kinetic Energy is entirely sur- 
rounded by other particles, bound 
together by force, it is possible up 
to a certam limit to suppress the 
Energy of the contained paxtides by 
limitmg their mutual moyements; 
whereupon the energy appears to 
exist in a dormant state. But when 
a certain point of suppression is 
reached, the Energy of tiie contained 
particles overpowers the Force of the 
containing particles, and a disruption 
takes place. Such a disruption is 
commonly known as an Explosion. 
Or again, at a point short of disrup- 
tion, such an actiye separatiye im- 
pulse exists amongst the contained 
particles, tiiat if any apertiire be 
made in the containing wall, the con- 
tained particles rush out with Explo- 
sive Energy. 

The abstract statement of this 
principle must be enforced by a few 
concrete examples. 

The boiler of a steam-engine is a 
wall or partition of molecules, rigidly 
bound together by cohesion. Within 
it, is a mass of water and steam, 
which is being raised to a high pitch 
of molecular motion by the fire un- 
derneath. Up to a ceitain point, it 
is possible to suppress or restrain 
the separative Energy of the steam 
by opposing to it the cohesive Force 
of the iron wall. But when a certain 
point of suppression is reached, the 
Fkiergy outbalances the Force, and 
an Explosion takes place. At a point 
short of the Explosion, it is possible 
io open a valve and ^ blow off steam' ; 
the energetic particles then rush 
forth with Explosive Energy. Simi- 
larly when a gas is reduced by pres- 
sure to the liquid state. Up to a 
certain point tiie Energy of tiie gas 
is suppressed ; but when that point is 
passed, the Energy outbalances the 
Force, and an Explosion takes place, 
^ort of the Explosion, it is possible 



to open the vessel, whereupon the 
gas rushes forth with Explosive 
Energy. 

It is possible that certain (so-called) 
chemical combinations are really of 
this nature. Thus, certain com- 
pounds of nitrogen are very apt to 
explode, and it would seem not un- 
reasonable to suppose that in their 
case the Energy of the free gas may 
be in some way confined by the com- 
bining atoms: while a match or 
other detonating agent may be the 
analogue of the valve or tiie stop- 
cock in the above cited cases. This 
possibility will be more fully dis- 
cussed in the succeeding chapter. 

It is important to notice that one 
Energy may be opposed to another 
in producing a suppression. Thus 
Energy is expended in compressing a 
gas or bendmg a bow (a case which 
will be fully considered hereafter). 
So that just as Forces interfere with 
Forces, Energies sometimes oppose 
Energies. A suppressed Energy is 
regarded in the ordinary text-books 
as Potential. It is clear, however, 
that it cannot be so regarded from 
our present standpoint. It is esen- 
tially Kinetic, though its Kinesis is 
masked by surrounding bodies. 



CHAPTER XnL 

LIBEBATINO ENERGIES. 

When any body or particle possess- 
ing Potential Energy is prevented 
from aggregating with any other 
body, or particle which attracts it, by 
the interference of an antagonistic 
Force, its Energy can only assume 
the Kinetic Mode through the inter- 
vention of some external Energy. 
Such external Energy is itself neces- 
sarily in the Kinetic Mode. It is 
known as a Liberating Energy. 

Put in more concrete language, 
this principle may be otherwise stated 
thus. A body can only be disen- 
gaged from the attraction of one 
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Force and brought under the direct 
influence of another, by some move- 
ment affecting it. A moment*s con- 
sideration will make it clear that this 
is a corollary from previously stated 
laws. 

As we saw that the stronger Force 
necessarily outweighs the weaker, 
and as Forces cannot increase or de- 
crease in intensity, the only manner 
in which any body or particle can be 
released from the Force which 
actually governs it and brought un- 
der the influence of another Force, is 
by some movement which either 
severs it from the sphere of the ex- 
isting Forces, or brings it within the 
sphere of a stronger one. In the 
latter case, it is immaterial whether 
the movement brings the body into 
proximity with oQxer bodies, or 
brings other bodies into proximity 
with it. ' 

Molar Liberating Energies are 
those which release masses from the 
interference of a Force antagonistic 
to gravitation. The commonest in- 
stance of such a Liberating Energy 
is seen when we remove some obsta- 
cle which by its cohesion prevented 
the aggregation of gravitating mass- 
es. Thus a ball suspended by a 
thread is released by the separative 
Energy of a knife or scissors. A 
clock weight wound up but checked 
by a catch, is released through the 
Energy which removes the catch. A 
stone perched on a ledge is released 
by the puff of wind or the blow from 
a hand which causes it to topple over. 
A head of v^ater confined by a sluice is 
released by the Energy which raises 
the sluice. A mass of ice on a moun- 
tain top is released by the Energy 
of heat, which breaks down the co- 
hesion of its particles and allows it 
to trickle down the sides. Even in 
those cases where the intervention 
of the Energy is less apparent, we 
can see in an ultimate analysis that 
such Energy is really the moving 
Power at work. Thus, when the 
string decays instead of being cut, 
it might seem at first sight tlmt the 



cohesion melted away imperceptibly;: 
but a closer consideration will show 
us that the dropping of water, the 
action of heat and light, the approach 
of chemical solvents in minute quan- 
tities, and the incidence of other un- 
observed Energies is really the cause 
of the decay. So, too, if the water 
makes a way through the sluice, or 
cuts a path for itself through the 
bank, it can only do so by the slow 
action of incident Energies, which 
wear away the cohering substance 
that retains it. And the stone can 
never topple over from its ledge un- 
less some animal pushes it, or some 
slow water action wears away its sup- 
porting mass. Molar Liberating En- 
ergies may also be seen in a few cases 
where a chemical body undergoes 
a separation which precipitates the 
heavier among its constituents. 

Molecular Liberating* Energies are 
those which release molecules from 
the interference of a Force antagonis- 
tic to cohesion. Two planed piece&^ 
of iron cannot cohere if laid side by 
side on a table: they are restrained 
in their places by gravitation. But 
the energy which apposes them %o 
one anotiber acts in this case as a 
hberator. In other instances, heat 
performs the same function, by loosen- 
ing cohering molecules from their 
existing arrangement, and bringing 
them within the sphere of their mu- 
tual attractions, as when we weld 
two pieces of iron by heating them, or 
by hammering them togeifier. The 
contained energy of water fulfils a 
Kke office in gumming or glueing, 
and in mixing plastic clay or dough. 
In these cases, one cohesion has in- 
terfered with another, and the Liber- 
ating Energy, by causing a partial 
disengagement, finally permits the 
complete saturation of both affinities. 

Atomic Liberating Energies are 
those which release atoms £rom the 
interference of a Force antagonistic 
to Chemical Affinity. Occasionally 
it is the mere Force of gravitation or 
cohesion which opposes this affinity, 
and in that case, the Energy em-^ 
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ployed in bringing^ {he sabstancee 
together is the Uberating agent; as 
when we expose phosphorus to Chlo- 
rine. In other instances, howeyer, 
the mere apposition of the elements 
is not sufficient, as when we expose 
carbon to oxygen; heat is then need- 
ed as a liberating agent; and we may 
conjecture that it acts by setting up 
such a molecular vibration in the 
carbon as takes each atom out of its 
existing stable arrangement with 
other like atoms, into a compound 
carbon molecule, and brings it within 
the sphere of the stronger affinity 
exerted by oxygen. This case leads 
on to those where the interference is 
between riyal Chemical Affinities. 
The Energy which brings together 
two substances and permits the 
stronger affinity to oyercome the 
weaker acts as a liberating agent. In 
this instance, too, heat is sometimes 
necessary as an additional factor, 
probably for the same reason as be- 
fore. Jn the case of CI and H light 
acts as the hberating energy. Other 
less obyious cases resemble those of 
a match, where friction performs the 
same function. 

Electrical Liberating Energies are 
those which release Electricsd Units 
from the interference of a Force an- 
tagonistic to Electrical Affinity. The 
n^ yagaeness of electrical Science 
prevents any definite treatment of 
these phenomena ; but we may con- 
sider the Energy which closes the 
circuit of a battery, or brings the 
discharging tongs to a Leyden jar, 
as essentiflJly analogous to the cases 
noted above. Their fundamental 
similarity will be seen if we recollect 
that any Energy spent in overcoming 
the cohesion of the glass partition in 
the Leyden jar, and so causing it to 
break, would produce exactly the 
same effect.* 

'The practised physicist will observe that a much 
wider signiflcation is here given to the term Liberch 
Ung Enerffy than that which is usually attached to 
theexprMsion 'Liberating Force' in the current 
phraseology of science. But if » as here contended, 
the cases are really analogous in every way, then 
there is no logical reason why they should not 
all be incduded under a single general name. Of 
eourse, if competent critics can point out any error 



Under the head of Liberating En- 
ergies it wiU be convenient to include 
those other Energies which act so as 
to permit the escape of suppressed 
Kinetic Energies. Such will be the 
Energy which turns the valve of a 
steam-engine or the stop-cock of a 
vessel containing compressed gases. 
A more familiar instance is found in 
the Energy which draws the cork of 
a champagne bottle. And if we 
were correct in supposing an anal- 
ogy between known suppressed En- 
ergies and explosive nitrogenous 
compounds such as gunpowder and 
nitro-glycerine, then the match or 
blow which explodes them acts as an 
analogous liberating agent. Libera- 
ting Energies of this description may 
be conveniently described as Libera- 
tors of Suppressed Energies. 



CHAPTER XIV. 

MISCELLANEOUS ILLUSTBATI0N8. 

Afteb so long and so abstract an 
exposition, it may be well to give a 
few selected concrete illustrations, 
showing the interaction of the prin- 
ciples already laid down, before we 
proceed to those still more abstract 
and difficult problems which yet He 
before us. We have hereafter to 
frame some clearer notion of the 
Eelation between Ether and Matter, 
the Nature of Energy, and the 
Nature of Movement; which ques- 
tions will require a power of ab- 
stract thought and concentration 
which is not possessed by every 
reader. But it may aid our compre- 
hension of these highest abstractions 
if we more firmly grasp the concrete 
phenomena in which they are dimly 
manifested. 

A lump of ice lies loosely on a 

in the conception here advocated, the classification 
falls to the ground ; and throughout, it must be 
remembered that akll the ideas contained in this 
treatise, though dogmatically stated for simplicity's 
sake, must be regarded merely as suggestions and 
points-of-view thrown out for the express puri>08e 
of placing the author's conception in a dear light. 
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mountain top. . Its molecules are rig- 
idly bound together by the Force of 
cohesion. The Force of gravitation 
tends to attract it, but the cohesion 
of intervening molecules interferes, 
and it cannot further aggregate, can- 
not get any lower, of its own accord. 
It possesses Potential Energy in vir- 
tue of its separation from the dead 
level of ocean : but that Energy can- 
not assume the Kinetic Mode so long 
as the interfering Force of cohesion 
prevents it. There are, however, 
various conceivable ways in which a 
Kinetic Energy may intervene to 
liberate it. The wind may blow it 
over ; a man may hit it with his stick ; 
or a peal of thunder may shake it 
down. In any of these cases, it 
will go down as a mass, all its mole- 
cules still locked together by cohesive 
Force. Again, the Kinetic Energy 
of ether (which we commonly know 
as Radiant Heat) may fall upon the 
mass, while still perched on its pin- 
nacle. In that case, the motions of 
the ether particles will be communi- 
cated to the ice molecules, just as the 
motion of one billiard ball is com- 
municated to another — or still more 
exactly, as one pendulum might set 
another in synchronous motion by 
striking it time after time. Under 
the influence of this separative Power, 
the molecules will slowly be unlocked 
from their cohesive union, and the 
ice will be melted. But the Energy 
which thus acts as separative to the 
molecules in their relation to cohe- 
sion, acts also as liberative in their 
relation to gravitation. The Poten- 
tial Energy of each molecule (visible 
Energy of position) now becomes Ki- 
netic, and they roll down the moun- 
tain side in the form of water. Let 
us suppose that they unite on their 
course and make a cataract. When 
they reach the level below (which 
for argument's sake we will suppose 
to be that of the sea) all their Poten- 
tial Energy has been transformed 
into Kinetic. Omitting the small 
amount lost by friction on the way, 
this Kinetic Energy is immediately 



transformed once more, as the water 
reaches the surface, from the Molajr 
to the Molecular species. It becomes 
heat, and is radiated off into the sur 
rounding space. Our ice has thus 
entirely pairted with its Potential 
Energy to neighboring bodies, and 
to the ethereal medium, though the 
water which represents it still holds 
all the Kinetic Energy which origi- 
nally melted it. It cannot again be 
raised to the mountain top without 
the integration of fresh Energy. 
Whence is this to come 1 In the ma 
Tority of cases it is supplied by the 
Kadiant Heat of the sun. This 
Energy, working upon the surface of 
the sea, causes separation amongst 
its superficial molecules, which there- 
upon rise into the air. Thus we see 
that the same Energy which over- 
comes the faint cohesion of the water 
also overcomes in part the force of 
gravitation. The heated molecules, 
being less attracted than the colder, 
are pushed upward by their pressure, 
and rise to a considerable height. 
The agent in raising them is Energy. 
So that the very same motion which 
keeps the planets from aggregating 
with the sun, keeps the water mole- 
cules from aggregating with the 
earth. So long as they retain this 
Energy they continue to float at a 
great height. But they cannot re- 
tain it long. The surrounding ob- 
jects at that height are very cold — ^in 
other words, are not in a state of 
high molecular vibration. Accord- 
ingly, when the molecules en- 
counter a cold mountain top, towards 
which they are attracted by molar 
Forces, they part with their heat and 
aggregate under the influence of co- 
hesion into ice. Their Kinetic 
Energy is now all gone, and nothing 
remains to them but the Potential 
Energy of their separation from the 
level of the sea. And then the 
whole cycle of changes begins over 
again. 

Let us look next at a totally dif- 
ferent instance, that of a cross-bow. 
This is a common illustration with 
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physicists, and it has ahready been 
once hinted at, bat no detailed 
explanation was given, because it will 
be presently seen that the case is 
much more complicated than at first 
sight appears. The Kinetic Energy 
of human muscles is employed in 
pulling the string back to the notch. 
The bow is then bent Now this 
bending impHes two forms in which 
the energy becomes dormant, which 
answer to the common expressions, 
tension suidpresaure. The molecules 
in the convex portion of the bow are 
pulled slightly apart from one an- 
other, but not beyond the sphere of 
their mutual attii^tions. We have 
consequently here a state of Potential 
IBlnergy due to the separation of 
particles strongly influenced by co- 
hesive Force. The molecules in the 
concave part of the bow, on the other 
hand, are pressed closely together 
upon one another by the Energy 
employed, which here acts in oppo- 
sition to the Kinetic Energy of the 
molecules, whose natural vibrations 
sjce thus in part suppressed. Accor- 
dingly we have here a state of 
suppressed Energy. Both of these 
of course tend to become Kinetic, but 
sjce prevented by the interfering 
cohesion of the string and the trigger. 
The separative nature of the Energy 
employed is clear from the fact that 
if the string is pulled too far back, 
the strain upon the cohering particles 
hecomes too great, and the sphere of 
their mutual attraction being tran- 
scended, they break apart with a snap. 
In the present case, however, having 
merely bent and bolted our bow, we 
have all our Ener&fy bottled up in a 
dormant state. Next, let us release 
the string. The Energy which we 
employ in doing so, acts as a Liberat- 
ing Energy with reference to the 
Potential Energy of the convex part, 
and as a Liberator of Suppressed 
Energy with reference to the concave 
part. It removes that cohesive 
obstacle, the trigger, which interfered 
with the mobilization of the dormant 
Energies. The Molecular Force of 



cohesion now draws together the 
separated molecules of the convex 
part, and their Potential Energy 
becomes^ Kinetic. Through ihe 
medium of the string it is communi- 
cated to the arrow. The arrow flies 
rapidly through the air, parts with a 
small portion of its Energy by friction, 
but retains most of it till it pierces 
the target Here, part of its Energy 
is used up in producing separation 
between the particles; while the 
remainder is given off in the form of 
heat. And so all our Energy is once 
more yielded up from its original 
possessor, the bow. 

Again, let us take a case where 
chemical activity is concerned. A 
lump of coal possesses Potential 
Energy in the separation of its atoms 
from those oxygen atoms towards 
which it is attracted by Chemical 
Affinity. So long as they are merely 
in mechanical conjunction with one 
another, the interference of some 
other Force (probably cohesion) 
prevents them from aggregating. 
But when a Liberating Energy is 
applied in the shape of a match, the 
atoms rush together in a mutual 
embrace. Their Potential Energy 
becomes Kinetic, and they aggregate. 
But the Energy of their separation is 
not destroyed. It is communicated 
to the ether as Eadiant Heat. In this 
state it may either pass away from 
our earth altogether, or it may 
be communicated to other bodies, 
in which case it is said to be 
absorbed. Let us suppose it is 
absorbed by a boiler of water. The 
water molecules are then thrown into 
a state of vibration, which rapidly 
severs them from one another until 
they assume the form of steam. If 
this steam is allowed to issue from 
the boiler, it will rapidly give off its 
Energy to neighboring bodies, the 
ether included, and the Energy which 
first passed from the coal and oxyger 
to the water, will now pass from the 
water to the ether. But we may use 
the boiler to turn an engine. In this 
case part of the Molecular Kinetic 
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Energy is transformed to the Molar 
species in the piston. It is then used 
up in initiating movements in the 
wheels and cranks, all of ^which are 
finally retransformed into the Mo- 
lecular Species by friction. If the 
engine is stationary, the friction will 
be between its parts ; if locomotive, 
between its parts and the rails. 
Ultimately, in every case, all the 
Energy is yielded up to the ether in 
the Kinetic Mode and radiated off 
into space. 

Now what is the conclusion which 
all these cases force upon us? That 
whenever Forces succeed in aggregat- 
ing masses, molecules, atoms, or 
electrical units, the Energy of their 
separation passing into the Kinetic 
Mode, is transferred to surrounding 
bodies, and after many or few 
vicissitudes is finally handed over to 
the ethereal medium. This is the 
point which must next engage our 
attention. 



CHAPTER XV. 

THE DISSIPATION OF ENERGY. 

In the definition of Force given in 
our second chapter, a Force was 
stated to be a Power which initiated 
aggregative motion and resisted sep- 
arative motion in two or more par- 
ticles of ponderable matter, and pos- 
sibly also of the ethereal medium. 
In the definition of Energy, given in 
our third chapter, an Energy was 
stated to be a Power which initiated 
separative motion and resisted aggre- 
gative motion in two or more parti- 
cles of ponderable matter or of the 
ethereal medium. This addition in 
the latter case, and its qualified 
omission in the former, was inten- 
tional and significant. Though we 
cannot dogmatically say that the 
ether does not possess Forces, we 
do not know it to possess any; and 
if it does, the resistance which they 
offer to separation appears to be al- 
most infinitesimal. It may well be 



that ether is merely a more tenuous 
kind of matter, animated by the same 
Power as the ponderable bodies : but 
even if it is, we know that it can be 
conspicuously affected by Energy, 
while we do not know that it can be 
conspicuously affected by Force.* 
From this difference flows a very im- 
portant corollary which may be f orm- 
tdated as follows. 

The Energy liberated from the 
Potential Mode when bodies or par- 
ticles aggregate under the influence 
of Force tends ever to assume the 
Kinetic Mode, and to be transferred 
from ponderable matter to the ethe- 
real medium. 

As Liberating Energies are per- 
petually setting free Potential En- 
ergy, and permitting aggregative mo- 
tions to be set up under the influence 
of Force, and as the Kinetic Energy 
thus liberated is transferred to adja- 
cent bodies, a part of it at least must 
be transferred to the ether. Further- 
more, as that part of it ivhich is 
transferred to the ether is radiated 
off in every direction into space, it 
must happen that the greater part of 
it is lost for ever to ponderable 
matter, and imparted to the ethereal 
medium. For, although some portion 
of the Energy may meet in its course 
with ponderable matter, and be ab- 
sorbed thereby,yet inasmuch as the in- 
terstellar spaces are vastly larger than 
the interspersed ponderable heavenly 
bodies (so that in most directions 
motion may be continued in a 
straight line for ever without meet- 
ing one) it necessarily happens that 
the greater portion will never meet 
with any ponderable matter, but will 
go on, presumably ad infinitum^ 
traversing the ethereal medium. This 
principle, which will be fully ex- 
pounded in its concrete aspect in 
Part n. of this work, must at present 
be accepted in this its abstract as- 
pect, on the ground here laid down. 

''The mere fact fhat motion can be lost b; ethe- 
real friction, as we know in the case of heated mol- 
ectiles and believe in that of planetary bodies, 
would lead us to suppose that the ether has some- 
thing resembling c(mesive Force. 
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Again, fhongh maoh radiant En- 
ergy may fall npon any one mass 
from another (as on the earth from 
the sun), yet inasmuch as this 
Energy is the correlatiye of an aggre- 
gation which has taken place in the 
radiating mass, whereby some of its 
Potential Energy has become Kinetic 
and been imparted to the ether, and 
inasmuch as the portion absorbed by 
that particular mass bears an infini- 
tesimal ratio to the portion radiated 
ad infinitum^ it must follow that on 
the whole every aggregation involves 
a loss of Energy to ponderable mat- 
ter and a gain of Energy to the 
ethereal medium. 

Once more, even that portion of 
Energy which is absorbed by any 
other mass will in part be used up 
in liberating Energies (as when solar 
heat melts a piece of ice on a moun 
tain top), and will accordingly itself 
be a cause for future transfers of 
Energy from ponderable matter to 
the ethereal medium. And finally, 
this -absorbed Energy itself will in 
part at least be radiated off from the 
absorbing mass and imparted once 
more to the ethereal medium. 

We thus see in every case that all 
Energy tends to be lost by ponder- 
able matter and transferred to the 
ethereal medium. 



CHAPTER XVL 

THE NATURE OF ENEBOY. 

We now come to the most abstract 
and fundamental question of all. 
What is the true nature of Energy ? 
In the beginning of this book we 
took it for granted that Force was 
equivalent to Aggregative Power and 
Energy to Separative Power. That 
first assumption, however, is in reality 
the point which our treatise is meant 
to prove, and we have tried to prove 
it by running through the chief 
manifestations of Power and show- 
ing how simply and truthfully they 



can all be formulated on this princi- 
ple. We have endeavored, in other 
words, te point out the perfect con- 
gruity of our assumption with fact. 
Having done so first in the abstract, 
we shall proceed to show how the 
phenomena which form the subject- 
matter of the various sciences, and 
how the concrete course of events in 
the universe, can be expressed in 
terms of our formulae. But before 
we go on to these departments of 
our subject, we must try to gain a 
clearer conception of the real nature 
of Energy. 

Energy is Separative Power. Every 
Energy in the Universe was primor- 
dially a mere statical separation of 
masses, molecules, atoms, or electri- 
cal units. If there were no such 
power as Force, every one of these 
bodies would have remained forever 
apart and immovable. But as forces 
draw together these mutually at- 
tractive material objects, their Energy 
assumes for a moment the Kinetic 
Mode. The falling water, the mov- 
ing glacier, the oxygen rushing to 
unite with the coal, each pass for Sr 
shorter or longer period through the 
Elinetic stage. As they aggregate, 
their Energy is given off in some 
other form of motion, involving sepa- 
ration. But as they move about, they 
part with this motion in separating 
other masses or molecules, and the 
attractive Force soon brings them 
together again. 

And what is the meaning of the 
Law of Conservation 1 Simply this : 
that the total of statical separation, 
plu^ the total of motion, in all parti- 
cles whatsoever, material or ethereal, 
is always a constant quantity. In 
other words, separation can never 
yield to aggregation without genera- 
ting an equiv^ent amount of motion,, 
which itself may pass into separation 
of some other sort : while, conversely,, 
motion can never cease without gen- 
erating either an equivalent separa- 
tion or an equivalent other motion. 
Thus a body at a height cannot fall 
without generating an amount of mo- 
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tion proportionate in a known ratio 
to its mass and height, which motion 
itself is transferred on the body's 
fall to its several molecules, causing 
A separative action among them ; and 
this motion is again transferred to 
the ether: while, similarly, a piece 
of coal cannot combine with oxygen 
without yielding up its separation in 
the form of molecular motion, which 
motion may raise vapor of water to 
a considerable separation from the 
earth's central mass, and be itself 
£nally yielded up to the ether. In 
shor^ tiie alternative Modes of En- 
ergy are Actual Separation, and Mo- 
tion which eventuates in Separation. 
Furthermore no body can be pre- 
vented from saturating its aggrega- 
tive tendencies except by an Energy. 
There is no known way in which fiie 
total of bodies can be kept apart 
from their closest conjunction with 
one another except by continuous 
motion, like that of a planet, a top, 
or a vibrating molecule. Even the 
<3ase of interference of Forces, which 
At first sight seems an exception, is 
not really so (though for convenience' 
Bake we have treated it as such), be- 
cause to suppose that the suspended 
ball will break its string or the weight 
push through the table is to suppose 
ihat a weaker aggregative tendency 
will overpower a stronger one In 
all the larger bodies of tibe Universe 
we see the discrete state maintained 
by orbital Energy; and in all the 
molecules of liquids and gases on 
this earth we see the discrete state 
maintained by hettt, or continuous 
vibration. 



CHAPTER XVn. 

THE NATURE OF MOTION. 

Last of all comes the question, — 
"What ^'s Motion? Divesting our 
minds of all concrete associations and 
looking at the phenomenon in itself, 
we arrive at the following urifamiliar 
conclusion. 



Motion is the Mode by which Ener- 
gy (or Separation) is transferred from 
one portion of matter to another, 
and ultimately from matter to the 
ethereal medium. 

When the Motion is simply sepa- 
rative we see this in a moment. A 
ball fired upward, a weight carried 
to a height, or an atom disengaged 
from a compound, show us motion 
as equivalent to separation, in its 
naked form. When we look at Mo- 
tion along a line at equal distances 
from the attractive centres — as in 
the case of a locomotive running 
along a level — we do not at first see 
how the Energy can be considered 
as separative. But as soon as we 
reflect that the Energy required for 
the purpose is entirely relative to 
the resistances which must be over- 
come — as soon as we recollect that 
if there were 910 friction, the initial 
Energy would carry on the moving 
body for ever, and that where there 
is little friction the moving body 
continues to proceed for a long pe- 
riod in the same direction without 
conspicuous loss of speed — ^we see 
that each new increment of energy 
from the burning coal is used up — 
not in intensifying the rate of mo- 
tion, but in overcoming friction, in 
wearing down the projecting particles 
of the machinery and the rails, in 
producing heat, and so, ultimately, 
in setting up separative actions. This 
case leads us on to that of a planet 
having orbital Energy, or a molecule 
having Vibratory Motion. In both 
these instances the substance to which 
the Energy is imparted is far subtler 
and more tenuous, being in fact the 
ethereal medium. Yet in both we 
see that as their Energy is lost, they 
aggregate with attractive bodies, and 
we thus perceive the separative nature 
of their motion. At the same time 
we see it as a mere incident in the 
transference of separation from mat- 
ter to ether. Liastly, in the case 
of aggregative movements, we see 
that the Motion replaces for a time 
the separation of masses, molecules, 
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atoms, or deoiaioal tmits, as they 
rash together; but we also seethe 
same separation afterwards transmit- 
ted to some other form of matter 
or to the ether, as heat, light, electri- 
cal separation, or some other form of 
separatiye Energy. 

Again, in every case, the ether is 
the final gainer of Energy, and every 
Motion is only an incident which ul- 
timately effects the transfer of En- 
ergy (ie. separation) from matter to 
ether. On the surface of our earth, 
where so large an amount of Energy 
is being daily poured down by the 
sun, this truth is masked by the fact 
that new Energy continually replaces 
the old. But if we leave out of con- 
sideration the accretions thus made 
to our store of Energy, we see shall 
that every Motion originates in an 
aggregation — ^whether it be through 
the faU of a body at a height, or tibe 
burning of coal in an engine, or the 
oxidation of food in an animal body 
— and that after the motion has taken 
place, there is a less total of Poten- 
tial Energy on the earth, while the 
Kinetic j^ergy has been transferred, 
in whole or in part, to the ether. 
This principle, here briefly alluded 
to in the abstract, will be fully de- 
veloped in the portion of this work 
devoted to concrete phenomena. Far 
more evident, however, is this truth 
when we look to the wider sidereal 
system. There, we see at once that 
all Kinetic Energy is the correlative 
of an aggregation, and that the sepa- 
rative f ower, which once divided the 
ponderable matter composing the va- 
rious suns, is now being radiated off, 
as they aggregate, in the form of 
ethereal !E^etic Energy — or, as we 
oftener say, of Light and Heat. This 
Energy, when it falls upon such a 
mass as our own planet, at once dis- 
plays its separative nature by such 
phenomena as the melting of ice, the 
raising of aqueous vapor, the forma- 
tion of winds, and the production of 
living organisms. These questions, 
again, will be fully discussed in the 
Second Part of this book. 



Briefly, we may say that the shortest 
formula to embrace the facts of 
Kinetic Energy is the following : — 
Motion is the redistribution of separa- 
tions. 

We have now completed our rapid 
survey of the abstract principles of 
Transcendental Dynamics, and may 
proceed to consider their concrete 
manifestations. Before doing so, it 
was the author's original intention to 
glance briefly in a separate Part at 
certain other subordinate facts con- 
nected with the development of the 
subject The Laws laid down in the 
present First Part mostly refer to 
that department of science known as 
Physics; though we have treated 
incidentally of many facts commonly 
looked upon as chemical and electrical. 
A special Part ought to have been 
dedicated to a brief examination of 
certain qualitative propositions in 
Chemistry and Electrical Science: 
but this task, unfortunately, the 
author has found impossible of 
achievement with his existing knowl- 
edge. He therefore proceeds at once 
to the concrete manifestations. 



Paet II. 
CONCRETE OR SYNTHETIC. 



CHAPTER L 

DYNAMICAL FORMULA OF THE UNIVEBSE. 

We have now to consider in their 
concrete applications the abstract 
laws laid down in the First Part. Our 
chief object in doing so will be to 
show how simply and clearly the 
wider dynamical relations of the Uni- 
verse can be comprehended under 
our conception of Force and Energy, 
as two mutually opposing and inde- 
structible forms of Power. 

If we conceive a universe without 
any inherent Force, all of whose 
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atoms stood at varying distances 
from one another, we can see that it 
would continue for ever motionless, 
all its Energy remaining in the 
Potential Mode as simple statical 
separation.* There would be noth- 
ing to draw together its scattered 
parts, or to set up motion in a single 
one of its particles. On the other 
hand, if we conceive a Universe 
actuated only by Force, we can see 
that it would aggregate immediately 
if it were in a discrete form, or that 
it would preserve its inertia if it were 
already absolutely aggregated. 
There would be no Conservation of 
Energy, and each mass, as it ghded 
into the central whole, would simply 
subside without communicating its 
motion or separation to adjoining 
masses. But the only Universe whidb 
we know by observation is actuated 
both by Force and Energy. It con- 
sists in part of ponderable atoms, 
molecules, and masses, each of which 
tends to aggregate with the others, 
but each of which can only get 
rid of its separation by passing it 
on to some other substance, either 
as separation or as its equivalent 
motion. It also consists in part of 
other relatively imponderable par- 
ticles, known as ether, occupying all 
the interspaces, great or small, be- 
tween the ponderable bodies, and 
capable of receiving and imparting 
Energy from or to the ponderable 
units. And inasmuch as all moving 
bodies part with some portion of 
their motion to every other body with 
which they come in contact in every 
direction, and, further, inasmuch as 
the interspaces of ponderable bodies, 

*In the current language of Physics, such a state 
of separation would not be spoken of as Potential 
Energy at all. It would only be considered as such 
when a Force attracting the atoms had been intro- 
duced into the closed system. It is unfortunate lliat 
we must use the term ' Potentii^' in such a case ; 
but as we have here kept it throughout, instead of 
the simpler and more logical phrase * Energy of 
Statical Separation' proposed in an earlier page of 
this treatise, it will be better, in spite of the verbal 
incongruity, still to continue its use in this Fart. Of 
course the word * Energy ' itself ill describes such a 
Power as that which we have envisaged under that 
name— a power whose chief primordial manifesta- 
tion is wholly statical. But we have thought it well 
to continue calling it by the most ftuniliar name. 



are infinitely greater than the space 
occupied by such bodies, it must 
necessarily follow that the total 
amount of energy received by the 
ether from all ponderal^e bodies must 
be very much greater than the total 
amount of Energy received by all 
ponderable bodies from the ether. In 
other words, the ponderable bodies 
must be aggregating, and passing on 
their Energy to the ether. 

Our Dynamical Formula of the 
existing Universe, so far as it is known 
to us in its present stage, will there- 
fore be a deduction from the Law of 
the Indestructibhty of Power — that 
is, from the joint principles of 
Persistence of Force and Conservation 
of Energy. It may be stated as 
follows. 

All the ponderable bodies of the 
Universe are continuously aggrega- 
ting tmder the influence of Forces, 
and are imparting their Energy to 
the ethereal medium: such continuous 
aggregation being only locally inter- 
fered with where tiie Energy imparted 
to the ether by one aggregating mass 
falls upon the surface of another mass, 
and there sets up temporary separa- 
tive action, in opposition to the local 
Forces. 

It may be added that such local 
separative action, as hinted above, is 
not sufficient in amount to counter- 
act the general aggregative action, 
and that, in consequence, the pon- 
derable matter of the Universe is 
daily becoming, as a whole, more 
aggregated, while the ethereal medium 
is daily becoming more energetic: 
though we have no means of knowing 
whether the Energy absorbed by the 
ether continues always in the Kmetic 
Mode, or finally assumes the form of 
statical separation. 

We have now to apply this Formula 
to the explanation of the concrete 
phenomena presented by the Universe 
in its various portions. Our explana- 
tion will serve a double purpose, as a 
deductive affiliation of the several 
sciences on the Law of the Inde- 
structibility of Power, and as a 
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Terification of our ab^fcraot principles 
by their exact coincidence with well- 
knoTHi &ct8. 



CHAPTER n. 

THE aiDXBEAIi STSTEM. 

The life-history of the material 
XTniyerse, as known and predictable 
by ns, is the history of its passage 
from a diffused nebulous state to an 
aggregated solid state, through a 
-vast number of intermediate stages, 
•each one of which is an advance in 
aggregation upon the stage which 
preceded it. Whether or not the 
xmiTerse had any previous state to 
that of the earhest known nebula, 
whether it will have any later state 
than that of the absolutely aggre- 
gated mass, are speculative questions 
into which we will not enter in the 
present treatise. It will be sufficient 
for our purpose to trace the history 
of matter in its existing phase, from 
its first known form as numberless 
difiused atoms, to its last knowable 
iorm as a single aggregated mass. 

All modem science compels us to 
posit as starting point a primordial 
state of the Universe in which its 
various masses, molecules, and atoms 
stood apart from one another at un- 
known distances. But each particle 
had inherent in it those forces which 
were destined in the future to effect 
its aggregation with eveiy other. 
Accordingly, however we figure to 
ourselves tiie beginning as absolute 
or relative (and it must be allowed 
that we have here reached the ut- 
most limits of conceptive faculty), we 
<sannotbut suppose that from the 
moment of that beginning the vari- 
ous particles began to set at once to- 
wards one another. The primordial 
form of Energy was therefore all Po- 
tential, and it must immediately have 
begun to assume in part the Kinetic 
Moide. 

If we assume that the primitive 
oosmical nebula was perfectly spher- 



ical in shape, and absolutely homoge- 
neous and uniform in the disposition 
of its various atoms, then we can 
hardly resist the inference t<hat, as 
each particle would be quite evenly 
attracted towards the conmion centi^ 
of gravity, there would have resulted 
a single aggregating sphere, whose 
Potential Energy would all have 
passed into the form of heat as the 
atoms clashed together, and would 
have been slowly communicated to 
the circumambient ether, until the 
whole mass had assumed its most 
aggregated shape. But as we do 
not find this condition fulfilled by 
the existing Universe, we mnst con- 
jecture that the primitive nebula was 
not uniform in shape or in texture- 
that it enclosed within it groups^ 
of tenuous matter more or less sepa- 
rated from other groups by hues of" 
demarcation more or less strong. 
Such inequalities of distribution may 
have been infinitesimal ; for it is only 
necessary to our purpose that certain 
atoms, besides their general gravita- 
tion towards the common centre, 
should also have displayed a special 
gravitation towards special centres, 
Granted this, the reason for the dis- 
crete condition of the sidereal mass- 
es becomes obvious. 

But when each ultimate particle 
began to unite with each other par- 
ticle, the Law of Conservation de- 
manded that their Energy of statical 
separation should not die out as they 
coalesced, but should pass on to 
some other body or assume some 
other form. The manner in which it 
actually shows itself is that of heat. 
Within each sidereal mass, the atoms 
are in a fierce state of vibratory 
movement, the correlative of their 
previous separation and of the Ki- 
netic Energy of their mutually ag- 
gregative motion. This vibratory 
movement is perpetually being com- 
municated to the adjacent e&er as 
Radiant Energy, and a correspond- 
ing aggregation within the sidereal 
mass is perpetually taking place. 
Each sun is thus a body of aggre- 
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gating atoms, being drawn together 
from moment to moment by their 
inherent Forces, while their Energy 
of statical separation, after passing 
into the continuous Kinetic form as 
true Heat (molecular vibration), is 
yielded up, little by little, to the ad- 
jacent particles of ether as Badiant 
Energy. The Energy thus absorbed 
by the ether is passed on by it from 
particle to particle of its substance, 
radiating in every direction through- 
out all space. Some small portion' 
strikes the surface of our planet, 
both from our own sun and others 
like it; and it is known to us as 
Light and Heat. 

We thus see that all the Energy 
of Light and Heat radiating through 
the whole of space from the various 
material masses has for its origin 
the statical separation of the pri- 
mordial nebula. But is this equally 
true of the Kinetic Energy of their 
various relative motions? There is 
reason to think that it is. 

The Universe as a whole has a 
common centre of gravity, towards 
which all its various masses are at- 
tracted. Those masses still possess 
Potential Energy in virtue of their 
separation from one another and 
from this central point of union: 
and it is clear that if they were to 
aggregate suddenly round that point, 
their Potential Energy would be- 
come Kinetic as they fell, and would 
be transmuted into Heat as they 
clashed together at the common 
cosmical meeting-place. It would 
then be radiated off into the ether, 
and the matter would gradually as- 
sume a sohd and perfectly aggre- 
gated form. Now, it is possible 
that some of the sidereal masses may 
be thus gravitating towards the 
common centre in a direct line ; and 
if they are, then it is clear that their 
motion is the correlative of their 
previous separation. But it is more 
probable that the various suns are 
prevented from aggregating directly 
with one another by some form of 
continuous motion. We are sure 



in the case of the best-known large 
masses — the earth and other planets 
— that they are prevented from ag- 
gregating with their relative centre, 
the sun, by the continuous Energy 
of their orbital motion. We also 
know that certain special suns— the 
double stars — ^have such a relative 
motion with regard to one another. 
We further know that all stars have 
a proper motion whose cycle is so 
immense that it cannot be measured 
by the short period of humain obser- 
vation. It is probable, therefore, 
that the ascerteined cause which 
prevents central aggregation in the 
known cases (namely, orbital motion) 
may be fairly extended to the un- 
known cases. We may conclude, 
accordingly, that all the heavenly 
bodies are prevented from aggregat- 
ing around the conmion cosmical 
centre of gravity owing to their pos- 
session of a relative orbital move- 
ment. Of course, there may be 
many cycles of such orbital move- 
ments one within the other, as we 
know to be the case with the satel- 
lites which circle round a planet, 
while the planet circles round the 
sun, and the sun has his own proper 
motion. All tha^t is contended here 
is merely this — ^that each mass or set 
of masses is probably prevented 
from aggregating with each other 
mass or set of masses, around their 
relative centre, or around the abso- 
lute cosmical centre, by some continu- 
ous Kinetic Energy, analogous to the 
known orbital motion of the planets 
and their satellites. Now, is this 
continuous Energy the transmuted 
form of previous separation in the 
parts of each mass? In the best- 
known case — that of the masses 
composing the solar system — as- 
tronomical authority has decided 
that it is. Laplace has shown that 
the orbital motions of the planets and 
satellites, as well as the aioal motions 
of the sun and its dependent bodies, 
may be accounted for by the falling 
together of nebulous matter, whose 
Energy of separation, becoming 
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Emetic in the act of aggregation, 
and then receiving a check, commu- 
nicates motion to the whole mass. 
In what way this axial motion is 
conyerted into orbital motion we 
shall see when we come to consider 
the solar system in the next chapter. 
For the present it must suffice to 
point out that the Energy of relative 
motion in heavenly bo(£es is thus 
probably due, like their Energy of 
Heat, to the primordial Potential 
Energy of their originally separate 
and discrete particles. 

Again, is this Molar Kinetic En- 
ergy of relative motion in the various 
heavenly bodies being yielded up to 
the ether, as we saw to be the case 
with their Molecular Kinetic Energy, 
which is being dispersed from mo- 
ment to moment through all space 
in the radiant form? There are rea- 
sons for thinking that this also is the 
fact. It is now pretty generally ad- 
mitted that orbital Energy is slowly 
lost by ethereal friction in the case 
of the planets : and there is no reason 
to doubt that it is equally lost in the 
case of these larger masses, the fixed 
stars. And as the Kinetic Energy 
of orbital motion seems to be the 
only barrier to aggregation under 
the influence of gravitetion, it will 
follow that as this Energy is imparted 
to the ether, the various heavenly 
bodies will draw closer and closer 
together, until, when all their En- 
ergy has been transferred to ether, 
they will aggregate in absolute con- 
tact around their common centre. 

Let us restate then, in a simpler 
way, the probable conclusions to 
which we are led. The Material Uni- 
verse originally existed as a vast 
nebula of discrete particles, in which 
Persistent Forces and Conservative 
Energies were inherent. As its 
Forces drew together the particles 
into several masses their Potential 
Energy became Kinetic. Part of it 
assumed the Molar form, and drove 
the various masses in orbit within 
orbit around their relative centres, 
and, ultimately, round the common 



cosmical centre. Part of it assumed 
the Molecular form, and kept the 
molecules of each mass in a state of 
rapid continuous vibration. But 
each Kinetic Energy alike was and is 
continually being yielded up to the 
ethereal medium. As Badiant En- 
ergy, the Molecular motion is from 
day to day imparted to the ether, 
and transmitted to the furthest ends 
of space. Some small portion of it 
falls upon other material masses, 
scattered like lonely islands in the 
ocean of ether, and may there set 
up separative action: but the vastly 
greater portion is never again ex- 
pended on a particle of matter. As 
ethereal friction, the Molar motion 
is more slowly yielded up to the 
ether, in which it produces (probably) 
waves of heat (or low-powered radi- 
ant Energy). And there is no reason 
to doubt that this process will go on 
indefinitely until it reaches its final 
result. The Molecular Motion will 
probably be dissipated until each mass 
has grown cold and inert : the Molar 
Motion will probably be dissipated 
until all the masses aggregate round 
their common centre. The Material 
Universe, which began as a number 
of discrete particles, will end as a 
single aggregated mass : all the En- 
ergy which was inherent in its sepa- 
rate form will have been transferred 
to the ether: and motion will have 
been the means of transference, the 
representative of the separation dur- 
ing its intermediate stage. 

Of course, in this brief sketch of 
the cosmical life-history many inci- 
dents of vast relative importance are 
necessarily omitted. One mass — 
whether sun, planet, or satellite, — 
circling round another, may part 
with its Molar or orbital Energy, and 
may aggregate with its central mass, 
long before other masses have done 
so. At the moment when two such 
bodies aggregate, doubtless some 
portion of their Molar Energy will 
still remain, and this will probably 
be converted into the Molecular spe- 
cies, and radiated away as heat and 
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light. But Btich minor incidents, 
forming the several steps of the great 
p]x>cess by which matter is aggre- 
gated and Energy dissipated into 
ether, do not inteif ere with the main 
process as laid down above. More- 
over, as the history of one such epi- 
sode — ^that of the solar system — ^will 
be more fully considered in our next 
chapter, it is less necessary to enter 
into details at the present stage. 

This chapter contains much that 
is purely speculative and may raise 
objections in many minds. That is 
inevitable, considering the vastness 
of the subject and our ignorance of 
the facts. But as we progress to 
the solar system the speculative char- 
acter of our explanations will grad- 
ually decrease : and when we reach 
our own planet — the most practically 
important to ourselves-^the element 
of hypothesis will disappear alto- 
gether. For symmetry's sake how- 
ever, it is necessary that the less 
certain cosmical application of our 
principles should precede the more 
certain mundane application. 



CHAPTER in. 



THE SOLAB SYSTEM. 



Among the minor aggregating mass- 
es into which the cosmical nebula 
may be supposed to have split up, in 
the course of its general aggregative 
cycle, was a group of matter out of 
which our own solar system has been 
developed. In its earliest separate 
phase we may suppose this group to 
have consisted of various minor por- 
tions, in varying stages of aggrega- 
tion, revolving in a single direction 
around their common centre. (De- 
tails about the direction of Nepture 
and Uranus may be safely neglected.) 
We may further suppose that the 
nebulous or quasi-nebulous mass thus 
composed again divided itself, along 
its weakest cohesive lines, into other 
portions which have aggregated into 



the existing planetary groups; while 
these latter again subdivided them- 
selves into the central masses and 
their satellites. It is immaterial for 
our purpose whether, with the ear- 
her evolutionists, we regard these 
changes as taking place in a relative- 
ly homogeneous substance, a dififused 
nebula, or whether, with their later 
followers, we set them down to ag- 
gregative action in comparatively 
solid and discrete masses (meteors,) 
like those which we know to exist in. 
large tracts within the sphere of the 
solar system. But the important 
point to notice in either case is this^ 
that these groupings and sub group- 
ing took place under the influence of 
Forces, and that the Potential En- 
^^SJ ^^ separation between the mass- 
es or molecules became Kinetic as 
they clashed together, and assumed 
the form of Heat. The various 
masses thus became each of them a 
Httie sun, aggregating around their 
several centres, and radiating their 
Energy into the surrounding ether. 
As in other cases, some small portion 
of this Energy would fall upon neig]i- 
boring masses, belonging either to 
the same system or to other systems, 
and would there do a littie towards 
retarding the aggregation of their 
matter and the dissipation of their 
Energy; but the greater portion 
would doubtless be lost in the vast 
interstellar spaces; so that the gen- 
eral result would be a loss of Energy 
to matter, and a gain of Energy to 
the ethereal medium. 

The various planets and satellites 
thus formed would still possess Po- 
tential Energy in virtue of their con- 
tinued separation from one another. 
They would also possess Molar Kinet- 
ic Energy in virtue of their orbital 
movement, which acts as a preventive 
to their immediate aggregation with 
their common centre, the sun. And, 
finally, they would possess Molecular 
Kinetic Energy through the vibratory 
movement of tiieir molecules, derived 
from the previous Kinetic Energy of 
their aggregative motion. But as 
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**^^ir partades vibrated, they would 
^^»i^ from moment to moment with 
ions of their Energy, to the sur- 
ding ether. This loss of Energy 
^^OTild only largely affect the periph- 
^^^^ of each mass, and would at first 
*^^^^ inconspicuous at the centre. It 
^^^ould also affect the smaller masses 
^^janch more rapidly than the greater, 
^^or two reasons; both because the 
-^^mount of aggregating matter being 
-^ess, the amount of heat generated 
^^ould also be less; and because 
^losses of heat from the periphery 
^-^K>uld not so easily be made up by 
-<K)nduction from the centre. The 
^smaller masses would accordingly 
^«ool at their surfaces at comparative- 
ly early periods; while the larger 
-ones, in proportion to the amount 
of unaggregated matter within the 
sphere of their attraction, would con- 
ianue for long periods to receive fresh 
.accessions to tiieir molecular Energy, 
and to radiate Light and Heat into 
iJie surrounding ether. Especially 
-would the largest mass of all, the 
oentral sun, continue for an immense 
ora to aggregate the surrounding 
masses and to radiate the liberated 
lEnergy into the space around. 

Further, we may conclude that as 
the surface of each mass parted with 
its Energy, its superficial molecules 
would be drawn together by the 
Forces of cohesion and chemical 
affinity. We should thus get a solid 
cohering framework on the exterior 
of each mass, as soon as it had parted 
with a considerable portion of its 
molecular Energy to the surrounding 
ether.* Through this cohering crust, 
the central Energy would slowly 
escape by conduction : until, sooner 
or later, we might expect each such 
mass to consist of a cold and inert 
collection of molecules, the whole 
Energy of whose previous separation 
had been yielded up to the ether. 
But a special incident of this 

*The cases of the ocean and the atmosphere, which 
aroesr to contradict this general statement, but 
Wnose form is really due to the separative action of 
xadiant solar Energy, will be treated in the next 
oliapter. 



transference might occasionally occur 
to break the monotony of its simple 
course. As. the central Energy 
escaped through the cohering crust, 
there might be a tendency for the 
interior molecules to be drawn to- 

• 

gether under the influence of cohesion 
and gravitation. A second crust 
would thus tend to form itself beneath 
the outer one. Thereupon, the Force 
of gravitation might outweigh the 
cohesion of the outer crust, which 
would yield under the strain and fall 
in upon the subjacent mass, breaking 
along its line of least cohesion. Each 
such fall would be itself a change of 
Potential into aggregative molar 
Kinetic Energy, as the masses fell 
together ; and when they clashed, the 
Energy would assume the molecular 
from and be given off as heat. But, 
however the aggregation takes place, 
as the matter of each group aggre- 
gated more and more closely round 
its centre, the Energy of its previous 
separation would be given off as heat, 
and would finally be imparted, as in 
every other case, to tiie eiliereal 
medium. 

While each mass was thus parting 
(by radiation) with the Molecular 
Einetic Energy resulting from its 
previous separation and aggregative 
motion, it would also be parting, 
though more slowly (by ethereal fric- 
tion) with the Molar Kinetic Energy 
of its orbital motion. Each satellite 
would thus be drawing progressively 
nearer to its primary, and each planet 
to the sun. As every unit of Energy 
was lost, gravitation would draw the 
body one unit nearer to its relative 
centre. It might thus be expected 
that each satellite would aggregate 
with its primary before the primary 
planet aggregated with the sun. At 
each such aggregation, though the 
greater part of the orbital Energy 
would doubtless be already dissipated, 
yet it is probable that as the two 
bodies glided together (for they 
would not/all, as is often erroneously 
said) there would be a considerable 
residue of Energy still remaining, 
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which, on the shock of collision, 
would be conyerted into molecular 
motion (or heat), and would be 
sufficient to reduce the bodies to a 
molten state. But this incident, 
instead of interfering with the final 
aggregative process, would really 
hasten it: because the new united 
body would at once begin radiating 
off its heat into space, and once more 
cool down to a mass of cold and inert 
molecules. In other words, all the 
remaining Energy of separation 
belonging to the satellite in virtue of 
its discrete condition, and all the 
remaining Kinetic Energy of its 
orbital motion, would thereupon be 
dissipated into the surrounding 
ether: and the united mass would 
continue to gravitate slowly towards 
the central sun. What is thus 
probable of the satellites in relation 
to their primaries is equally probable 
of the planets la relation to the sun. 
As their Energy of orbital motion is 
dissipated by ethereal friction, we 
conclude that they are drawing 
nearer and nearer, step by step, to 
the centre of our system. And there 
is no reason to doubt that they will 
continue to do so until they each 
slowly aggregate with the central 
mass, converting their remaining 
Energy as they clash together, into 
heat, which will itself go for a time 
to swell the volume of solar Energy, 
and will be radiated off like the rest 
into surrounding space. Finally, 
when the sun has aggregated with 
himself all the matter of the solar 
system, we may conclude that he will 
tdtimately radiate off all the molecular 
Energy derived from their aggre- 
gation, and become himself a cold 
and inert mass, like some of those 
burnt-out stars revealed to us by 
astronomy. And then we may 
imagine that this single sphere, which 
contains all the matter of our system, 
will itself proceed to aggregate with 
some other mass, in that general 
cosmical group of which it forms an 
imimportant member. Of course, it 
is impossible to conjecture which of 



these aggregations will take plao» 
first; and it is quite conceivable thai 
the whole solar system might clash 
with some other group of worlds 
before its various members bad time 
to aggregate in this regular order 
with one another; but if our sug- 
gested theory of a general subordi- 
nation of systems and cycles to a 
common cosmical centre be correct, 
then just as each satelHte would 
aggregate with its primary before 
that primary had time to aggregate 
with the sun, so each planet would 
have aggregated with the sun before 
the sun had time to aggregate vdth 
its superior mass. However this may 
be, it will be sufficient if we regard 
the probable course of events in the 
solar system as a specimen of the 
probable incidents everywhere ac- 
companying the course of aggregation 
round the common cosmical centre, 
and briefly hinted in the preceding 
chapter. 

At the present moment of time, 
we occupy a middle point in the sys- 
temic epoch thus sketched out. The 
sun, our central mass, is still in a 
state of rapid molecular motion, 
wJiich he imparts as Badiant Energy 
to the ether. He has yet much out- 
lying matter to aggregate, and it 
seems probable that small aggre- 
gations are from day to day taking 
place. Of the planets, the smaller 
have cooled down sufficiently to pos- 
sess a firm and coherent outer crust, 
while the larger are still in a very 
volcanic state. The satellites have 
probably radiated away all their 
proper heat, and are already cold 
and inert to their centres. The sur- 
face of the most easily observed, our 
own moon, shows the vast corru- 
gations which result from the contin- 
ual collapses of the crust upon the 
once heated neucleus, and the reac- 
tions of the molten interior upon the 
coherent outer shell: — corrugations 
relatively (if not absolutely ?) much 
greater than any at present found 
upon the surface of our own earth. 
Some small fraction of the Energy 
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iradiated from the snn &lls upon the 
cooled exteriors both of planets and 
.satellites. Of this, the greater por- 
tion is reflected back by dispersion, 
as we see from the case of the moon, 
in every direction (only a small frac- 
^•••tdon of this fraction again foiling 
upon other masses). Bat a cer- 
tain lesser portion is used up in 
heating the outer crusts, in setting 
up evaporation, currents, and winds, 
and in producing the phenomena of 
organic life. These secondary sepa- 
rative reactions of radiated Energy 
upon the surface of a planet form 
the great mass of those phenomena 
^whidi are generally observed by hu- 
2nan beings. 



CHAPTER IV 



As we pass from the solar system 
to our own planet, we leave the re- 
^on of hypothesis and arrive at that 
of known facts. 

The earth is a collection of materi- 
al particles, the vast majority of 
^which, so &r as revealed to our ob- 
servation, are in a state of stable ag- 
gregation with one another, molar, 
molecular, chemical, and electrical 
Its centre may be — and probably is 
— still occupied by a molten (though 
rigid) mass, whose heat has not yet 
been fully conducted away : but the 
outer crust, except at its exposed 
surface, consists of matter aggre- 
gated in those molecularly cohering 
and chemically passive masses known 
as rocks. Its exterior is not abso- 
lutely regular, but is in places cor- 
rugated into ^rtain elevations and 
depressions which we call mountains, 
tablelands, valleys, and ocean-beds. 
The portions elevated above the gen- 
eral level possess Potential Energy 
in virtue of their elevation : but tibe 
Porce of gravitation being interfered 
with by that of cohesion, this En 
ergy cannot assume the Kinetic 
lifode without the intervention of an 



external Liberating Energy. In 
short, while the centre of the earth 
may still possess some molecular 
Energy of its own, which is only 
slowly escaping through the outcor 
crust, its hard exterior is for the 
most part thoroughly aggregated 
and almost devoid of relative Kinetic 
Energy, except so far as it obtains 
small daily increments from the 
solar radiation. 

If for a moment we leave out of 
consideration the solar Energy thus 
absorbed, we can form some concep- 
tion of the appearance which the 
earth would possess, supposing it 
left to its own resources. The 
whole ocean and all the other water 
on the earth would be frozen into a 
solid mass. There would be no 
plants or animals on the surface, 
nor any winds, storms, rain, snow, 
or lightening. What might be the 
condition of the atmosphere we can- 
not say; but we may guess that it 
would-be greatly diminished in size, 
if not absolutely reduced to a solid 
form. Motion upon the surface 
would be all but unknown: the only 
movements which could ever occur 
being those which would occasionally 
result froia those internal causes 
that give rise to earthquakes and 
volcanic eruptions. These would 
still take place, as the gradual loss 
of Energy from the central mass 
would make the Force of gravitation 
outweigh that of cohesion ; and the 
Potential Energy which thereupon 
would be mobilized might act as a 
liberative agent to certain masses on 
the slopes, besides causing perhaps 
a temporary melting of some small 
portion of the solidified water 
through volcanic heat But these 
incidents would themselves only 
accelerate the loss of the remaining 
proper Energy of our planet, which 
would soon be imparted to the 
ethereal medium, and leave our 
earth at last a perfectly inert mass 
of aggregated particles. 

In the world as we know it, how- 
ever, very different phenomena are 
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observable; and all these are due to 
the separative action of Energies 
radiated from the sun, which fall 
upon our earth, acting partly as 
separative agents for the supei^cial 
molecules, and partly as liberative 
agents for the various Potential 
il^ergies whose mobilization is pre- 
vented by interfering Forces. Fall- 
ing upon the atmosphere, the Kinetic 
Energy of ethereal undulation pre- 
vents its aggregation and keeps it 
permanently in the gaseous form. 
If it be objected that the non- 
absorption of radiant heat by the 
gases of the atmosphere is opposed 
to this view, it may be answered 
that actual absorption is not neces- 
sarily implied: it will be sufficient 
for our purpose if the original 
molecular mobility of the gases is 
not diminished by communication 
with the ether. We cannot experi- 
ment upon the conduct of oxygen 
or nitrogen at the absolute zero 
of temperature, but we have no 
reason to doubt that at some ex- 
tremely low point they would follow 
the example of all other bodies, part 
with their molecular Energy to the 
surrounding ether, and pass through 
the liquid into the sohd form.* We 
know already that carbonic anhy- 
dride can assume the frozen condi 
tion, and it is hardly probable that 
the simple atmospheric gases would 
not do tiie same, tmder similiar cir- 
cumstances, could we only command 
sufficient Power for their liquefac 
tion. Falling upon the water, the 
ethereal Energy acts in opposition 
to its cohesive Force, and keeps it 
habitually in the liquid state, at 
least in tropical and temperate 
climates. Nor is it only by compel 
ling them to assume the gaseous and 
liquid forms that the ethereal En 
ergy displays its separative nature 
on air and water: it also acts in 
opposition to gravitation. It heats 
many water-molecules till they 
evaporate, and then raises them to 

'''Sinco this was written, the solidification of 
oxygen has been actually accomplished. 



considerable heights in the air. it^ 
expands the atoiosphere of the 
tropics (by conduction and con- 
vection), and causes the phenomena, 
of monsoons, winds, and storms. 
In a similar way it produces ihe> 
ocean currents. And it thus be- 
comes the cause of all motions on 
the face of the earth, except those of 
organic beings, to be treated here- 
after. It must be noticed through- 
out, however, that these disintegra- 
tive effects are only directly pro- 
duced upon the liquid and gaseous- 
substances in which the force of 
cohesion is very shght. Those 
more sohd and coherent masses, the 
rocks, are httle acted upon, and that 
only indirectly, by Liberating En- 
ergies in the hquids and gases, aa 
wiU more fully appear hereafter. 

But the Energy which thus falls 
upon the surface of the earth from 
day to day, and sets up these sepa- 
rative actions in its less coherent su- 
perficial molecules, does not long^ 
remain upon the face of our planet. 
Each portion of the earth's surface 
is turned (on an average) for one 
half of each twenty-four hours to- 
wards the sun, and for one half 
away from the sun. The heat which 
struck it during the day and was 
partly absorbed by its superficial 
molecules is more or less radiated. 
away to the ether during the succeed- 
ing night. In such a case as that 
of Sahara, where there is no organic 
life on whose production the Energy 
is permanently expended, and littl - 
vapor of water to retain the heat — 
almost all the Energy received dur- 
ing the daytime is radiated away at 
night, so that the thermometer often 
sinks below the freezing point. 
Here we have the naked facte imccMn- 
plicated by the problems of Hfe and 
the interference of rain and wind. 
On the ocean, the solar Energy ab- 
sorbed by the water raises large- 
masses of watery vapor to a consider 
able height. There, the vapor parts 
sooner or later with some of its^ 
Energy to the ether, and aggregating- 
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in the form of rain, converts the 
remainder from the Potential to the 
Kinetic Mode finally yielding it up 
again as heat when it once more 
reaches the ocean. So in this case 
too, though less conspicuously than 
in the former, the absorbed Energy, 
after causing temporary separations, 
is before long dissipated, while the 
particles which it affected once more 
aggregate in obedience to their iq- 
herent Forces. On the ordinary 
fertile land-patches the solar Energy 
is partly returned at once by radi- 
ation, as in Sahara ; partly used up 
in evaporation, as on the ocean ; and 
partly employed in the production of 
Hying organisms. In the first case, 
the retransference of the Energy to 
the ether is obvious ; in the second 
case, though less immediate, it yet 
takes place, as explained above, when 
the vapor falls again as rain ; but in 
the third case, the transfers are more 
involved, and will have to be treated 
in separate chapters. It will be 
enough for the present to point out 
that every organism sooner or later 
dies, and that then the Energy 
which was embodied in its production 
is once more given up to the ether 
on the chemical aggregation of 
oxygen and other decomposing 
agents with its component atoms. 

Let us now look in detail at a few 
of the ways in which the separation, 
yielded up to the ether by particles 
of solar matter as they aggregated, 
is reconverted into separation be- 
tween slightly-coherent mundane par- 
ticles, and is finally transferred again 
to ether. 

A lake in the northernmost part of 
the temperate zone is frozen over 
during the winter. The comparative- 
ly small amount of solar Energy 
which affects it does not suffice to 
separate its particles from their cohe- 
sive union. But when the earth shifts 
its position by oscillating slightly on 
a particular axis, the conditions of 
aerial refraction are altered, and the 
amount of radiant Energy which is 
concentrated on this particular spot 



is largely increased. The first effect 
of this Energy is to loosen the ag- 
gregated molecules from their solid 
state and to make them assume the 
hquid form. The Energy thus ab- 
sorbed remains in the water as ' latent 
heat,* in other words either as Poten- 
tial Energy of separation or as Kinet- 
ic Energy of motion : and when the 
water again freezes, it is yielded up 
to the surrounding atmosphere, often 
in the visible form of warm mist. 
After the separative Power has pro- 
duced this first effect in melting the 
ice, fresh quantities are from day to 
day poured upon the surface of the 
now hquid lake. Here, the heat pro- 
duces further separation between the 
superficial molecules, so that even 
the shght cohesive power of liquids 
is overcome, and the particles assume 
the vaporous state. Thereupon they 
are raised into the air, and drifted 
about by the winds, which themselves 
result from the separative action of 
heat. After a time, the particles lose 
by radiation and convection much of 
their Kinetic Energy, and begin once 
more to aggregate into rain-drops. 
These fall upon the surrounding 
heights, and finally find their way 
again into the lake. But the Energy 
which raised them has by this time 
been dissipated, and fresh Energy 
will be required to make them once 
more assume the form of vapor. Nor 
is this all. As the drops fall upon 
the mountain side, they employ part 
of their Energy in overcoming the 
cohesion of its molecules. In this 
way they slowly wear away the eleva- 
tions on the earth's surface, and carry 
down their particles to the valleys 
or the sea. In so doing, they act as 
hberating agents for the Potential 
Energy of these masses, and so assist 
in working out the general plan of 
aggregation. It is true that new 
mountains are from time to time 
slowly upheaved in place of the old 
ones, but these are themselves mere 
apparent exceptions, as they really 
represent a general lapse of the sur 
roundmg crust: and their heights 
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are in turn worn down by water- 
courses, glaciers, and percolation. 
In short, Uie solar Energy expended 
in evaporation is ultimately employed 
as a liberating agency for the Poten- 
tial Energy of separation possessed 
by such masses as are raised above 
the general gravitative sea level of 
our planet. These masses, though 
their cohesion is for a while destroyed, 
Agg^^gftte in the end as new sedi- 
mentary deposits ; and so the whole 
process becomes merely one more 
step in the gradual aggregation of 
matter and dissipation of Energy to 
the ether. 

Winds and storms act in similar 
ways. They all arise from some kind 
of separation, produced in air or 
water by heat; or from the subse- 
quent cooling of the heated masses. 
Li the first case, we see the absorp- 
tion of separative Power; in the 
second case the re-establishment of 
equilibrium on its disengagement. 
They, too, act as Liberating Energies 
for the Potential Energy of masses 
elevated above the general gravi 
tative level, as when they blow down 
trees, walls, or stones, and beat the 
waves against a cliff. In one way or 
another, every Energy which falls 
upon our earth from Qie sun is em- 
ployed in wearing down all inequali- 
ties of surface, — that is, in liberating 
masses possessed of Potential En- 
ergy, and permitting them to obey 
their gravitative impulses 

The special case of lightning de- 
mands a brief explanation. Through- 
out, we have dealt lightly with elec- 
trical phenomena, and we must do so 
here once more. The Potential En- 
ergy of the separative electricities in 
the thunder-cloud and the earth is in 
some way a product of solar Energy. 
So long as they remain apart, there 
is some kind of statical separation 
between tmknown units generally 
aggregated. At last, some Liberat- 
ing Energy in the shape of wind or 
heat brings the charged masses with- 
in range of their mutual affinities. 
At once a discharge takes place, and 



the Potential Energy is liberated as 
Light, Heat, and Sound ; all of which 
are finally turned loose upon the 
ether as radiant Energy, to pulse 
perhaps forever, through the inter- 
stellar spaces. The only peculiarity 
of the case is the conspicuous and 
instantaneous way in which the Po- 
tential Energy is liberated and as- 
sumes the Kinetic Mode. 

So, too, with many human ma- 
chines. Organic phenomena will de- 
mand careful separate treatment; 
and until this has been given we 
cannot properly understand such a 
case as that of a steam-engine, where 
the prime Energy is derived from 
organic products like coal and wood. 
But certain simpler machines like 
water-mills and windmills may con- 
veniently be explained at the present 
stage. The water which falls from 
clouds on an elevated patch of 
ground still possesses Potential En- 
ergy in virtue of its separation from 
the general gravitative level, and as 
the force of gravitation is very little 
interfered with by cohesion in the 
case of liquids, the water is enabled 
to form into a stream, and run down 
to the sea. On the way, under ordi- 
nary circumstances, it parts with 
most of its Potential Energy by fric- 
tion, or yields it up in falling as heat. 
But where a considerable fall occurs, 
it is possible to employ this energy 
in turning a wheel. The wheel, 
being connected with other wheels 
and grindstones, gives up the Kinet- 
ic Energy thus derived, partly in 
producing separation, in opposition 
to cohesion, among the molecules of 
com, and partly in heat or friction. 
The heat is of course radiated off, and 
the rest of the Energy remains Po- 
tential in the flour. So also with a 
windmill. Here the Kinetic Energy 
of wind, itself derived from solar 
rays, is transferred to the vans of 
the mill, and is finally used up in 
producing separation in the com, or 
in heating the bearings and grind- 
stones. In both cases we see, as 
usual, an intermediate employment 
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of Energy for the purpose of separsr 
ting material particles, but a final 
loss of energy from matter to the 
ethereal medium. 

In all these cases we deal with 
phenomena essentially unconnected 
. with organic life : for although the 
machines mentioned above are of hu- 
man construction, yet, when once set 
in action, they can go on without 
human intervention until the loss 
sustained by friction makes their 
working impossible. In the next 
<!hapter we shall consider the more 
involved case of living organisms. 
Before doing so, however, it will be 
Well to sum up the conclusions at 
"Which we have arrived regarding the 
general dynamical phenomena of our 
planet. 

The earth is a proximately spher- 
ical mass of matter, held together by 
its own gravitation, and bulging 
^lightly towards its equator, where 
i-ts axial Energy produces the great- 
-^st effect. It revolves round the sun 
j.11 virtue of its orbital motion, and it 
j)OSsesses Potential Energy by rea- 
son of its separate condition. This 
^Potential Energy, however, cannot 
^kssume the Kinetic Mode, because 
the solar gravitation is opposed by 
the orbitfiS Energy of the planet. 
Though the earth thus possesses two 
proper molar motions of its own— 
the axial and the orbital — its Molec- 
ular Energy has been radiated away 
into space from the surface at least, 
only the interior portion being still 
in a highly heated state. The inter- 
ference of cohesion in this outer solid 
shell with the general gravitation 
whose Force comes into free play as 
the internal mass cools and contracts, 
gives rise to a state of tension, final- 
ly resulting in cracks and corruga- 
lions on the surface. If no external 
Energy intervened, the outer shell 
would present one uniform cold and 
probably solid surface, broken up 
into ice-clad mountains and valleys. 
But a fraction of the Enerfifv radiated 
into space by the aggregating mass- 
es of the central sun falls on the 



outer shell and there interferes with 
the aggregative process by setting 
up temporary separative action among 
the less coherent molecules. It keeps 
the atmosphere and the ocean in the 
gaseous and liquid forms respective- 
ly. It produces such an expansion 
of the equatorial air as gives rise to 
monsoons; and elsewhere it heats 
the atmosphere of deserts, valleys, 
and low-lying plains so as to cause 
local winds and storms. It also lifts 
up great masses of wat^, which float 
in tibe air as clouds, and finally fall 
as rain when their Energy is dissi- 
pated. It heats the equatonal oceans, 
and thus rendering them lighter sets 
up warm ocean currents, while gravi- 
tation, drawing down the colder mass- 
es, produces &e compensating cold 
streams. The separative nature of 
all these processes will be obvious 
when we reflect that every one of 
them depends upon such an absorp- 
tion of radiant heat as overcomes the 
aggregative Force of cohesion. But 
these changes are never permanent. 
The Energy thus absorbed is soon 
radiated off to the cooler ether in 
those less energetic periods which 
we know as night and winter. Un- 
less every day and every summer new 
Energy were poured upon the earth 
to set up similar separative actions, 
the effects of esich Energy-absorbing 
period would soon pass. away. The 
vapor and the wat^: would part 
with their heat, condense, and finally 
freeze : while the air would cool down, 
settle into stable equilibrium, and 
perhaps aggregate at last into the 
solid state. Moreover, the Energy 
which thus falls upon the earth acts 
indirectly as a liberating agent to 
those more solid masses which are 
prevented by cohesion from aggre- 
gating in the stablest possible manner 
with the general body of the planet. 
By wearing down mountain sides; 
by water-action, percolation, glacier- 
grinding, and attrition of rolling 
bodies ; by blowing over stones, chim- 
neys, and trees; by wasting cliffs, 
headlands, and river-banks ; by grind- 
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ing down pebbles, sheUs and refuse ; 
and by depositing all the debris thus 
resulting in new and lower strata of 
mud and sand — by all these ways 
and countless others, to which every 
gorge, ravine, denudation valley, and 
seaward cliff bears vdtness, the En- 
ergy poured down upon us from the 
sun acts as a liberating agency to 
reduce the inequalities of our planet s 
surface, and bring every body ulti- 
mately into closer and more intimate 
aggregation with the general mass. 
Thus we see that on the surface 
of our earth the universal process 
of aggregation continues in spite of 
partial interruptions. Incident En- 
ergy let loose from the aggregating 
sun produces local and temporary 
separations among its material parti- 
cles; but such separations do not 
interfere in the end vnth the gen- 
eral aggregating process, which they 
rather indirectly assist. As else- 
where, we find all the matter engaged 
in a continuous course of aggrega- 
tion, and all the Energy thus liberated 
continuously handed over to the 
ethereal medium. 



CHAPTER V. 



ORGANIO LIFE. 



The interferences caused by inci- 
dent solar Energy in the aggregative 
processes of our earth which were 
considered in the last chapter 
mostly consisted in separative 
actions opposed to the molecular 
Force of cohesion, and, less di- 
rectly, to the molar Force 
of gravitation. Those phenomena 
which we have to consider in the 
present chapter are the result of 
interferences by solar Energy opposed 
to the atomic Force of Chemical 
Affinity. 

It is not here asserted that all the 
cases where solar Energy interferes 
with and opposes Chemical Affinity 
are concerned with vital phenomena. 



But vital phenomena form the prin- 
cipal instance of such interferences, 
and all the others may be omitted as 
illustrating no new principle and 
suggesting no new difficulty. 

Regarded in their naked dynamical 
aspect these phenomena may be 
briefly described as foUows. The 
incident solar Energy, — ^besides fall- 
ing upon molecules in the slightly 
aggregated cohesive states which we 
Imow as the liquid and the gaseous, 
and overcoming their very moderate 
cohesion so as to produce evaporation 
and expansion — also falls upon certain 
atoms aggregated together by the 
Force of Chemical Affinity, and sets 
up in them separative actions, which 
result in the severance of these atoms 
from their affinities, and the rebuild- 
ing of some among them into those 
peculiar forms which may be described 
as Energetic Compounds (hydro- 
carbons, &c.), while the remainder 
are cast in a free state upon the 
atmosphere. The radiant Energy 
thus employed is used up for the time 
being in producing these separations, 
and is retained partly by the freed 
elements, and partly by the Energetic 
Compoimds, either in tho Potential 
Mode or in the Kinetic ; or partly in 
one and partly in the other (for on 
this point we have as yet no certain 
knowledge). The Energy thus 
absorbed by the Energetic Com- 
pounds, apparently remains within 
them permanently, until some incident 
Energy, acting as a liberating agent, 
causes their atoms once more to unite 
with those other free atoms in the 
atmosphere for which they have 
affinities. When they reunite, all the 
Energy which was absorbed in pro- 
ducing their separation is liberated 
once more by the act of aggregation, 
and is yielded up to the ether as low- 
grade Energy. While the Energy is 
retained by the freed element and the 
Energetic Compound we may either 
suppose that it is all Potential and 
consists merely in the statical separa- 
tion of their atoms, — on which sup- 
position it will be exactly analogous 
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to the oase of a rock, raised to a 
height and then supported so that it 
cannot fall without &e intervention 
of a liberating Energy: or we may 
suppose that it is partiy Potential and 
partly Kinetic, and consists not only 
in the statical separation of the atoms, 
but also in a relative motion of the 
atoms in the Energetic Compound, — 
on which supposition it would be 
analogous to the case where a coUec- 
tion of bodies like the solar system, 
having relative motions of their own, 
possess Potential Energy with refer- 
ence to some other external body, 
like the star in Hercules, towards 
which the solar system is supposed 
to be moving. It is clear that on 
the first supposition the amount of 
Energy Hberated by the reaggrega- 
tion of the atoms will be equivalent 
to the Potential Energy of their 
statical separation: but on the second 
supposition the amount liberated will 
be equivalent to that Potential En- 
ergy, plus the Kinetic Energy of the 
relative motions possessed by the 
several atoms— just as, if the sun 
were to aggregate with any fixed 
star after sSl his planets had already 
dissipated the Kinetic Energy of their 
several orbital motions, and united 
with his mass, the Energy liberated 
by the aggregation would be the 
equivalent of the statical separation 
previously existing between the sun 
and that star; whereas, if the aggre- 
gation were to take place to-day, the 
amount of Energy hberated would 
be equivalent to the statical separa- 
tion of the two systems, plits the 
Energy liberated by the stoppage of 
orbital and axial motion in each of 
the planets and satelUties. It is not 
improbable that, in certain instances 
at least, we may be induced to accept 
the second of these two suppositions. 
Translated into concrete language, 
the above abstract propositions may 
thus be more simply expressed. So- 
lar Energy falls upon a crust con- 
taining the molecules of water, car- 
bonic anhydride, the various nitrates 
in a state of solution, and other raw 



materials of organic matter. It finds, 
their atoms in a condition of rela- 
tively stable chemical combination 
— in other words, closely bound up 
with one another by tiie Force of 
Chemical Affinity. Being absorbed 
by some or all of these atoms, it seta 
them free from their stable unions, 
by producing motions which take 
them beyond the sphere of their mu- 
tual attractions. It leaves the oxygen 
of the carbonic anhydride in a free 
state, while it builds up the carbon 
with the hydrogen of water into cer- 
tain Energetic Compoimds, such as 
starches, &c. The Energy of these 
compounds may be all Potential — 
that is to say, may consist in the fact 
of their statical separation from the 
attracting oxygen and their loose 
chemical apposition; or it may be 
partly Kinetic as well — that is to say, 
may also consist in the fact that the 
various atoms have relative move- 
ments hke those of a planetary sys- 
tem. Furthermore, in the case of the 
Energetic nitrogenous compounds, 
there is reason to suppose that a sup- 
pressed Energy is also involved. 
Once these Energetic Compounds 
have been built up, they remain per- 
manentiy inert, retaining their En- 
ergy themselves in a dormant state — 
at least so far as hiunan observation 
can detect — until some Liberating 
Energy brings them once more under 
the influence of Chemical Affinity. 
Thus a piece of wood or a lump of 
fat, once produced, remains inert, at 
least to outward appearance, so long 
as it is kept at a low temperature and 
isolated from disintegrating agents. 
But so soon as we apply a certain 
degree of heat to either, they bum 
away ; or, in other words, unite once 
more with the oxygen from which 
they were previously separated, and 
yield up as they aggregate all the 
Energy of their separation and their 
relative movement (if any) in the form 
of Light and Heat. Moreover, there 
are several ways in which such a lib- 
erating agency can be set in action. 
It may be by human aid, and the in- 
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tervention of external boming mat- 
ters, as when we light a piece of wood 
or a candle by means of a match. Or 
it may be by the intervention of some 
animal organism, as when a worm 
burrows into a piece of wood and 
uses up its Potential Energy in the 
performance of his physiological 
fvmctions, by cansing its atoms to 
combine with oxygen within his body : 
or as when a oamiyorous animal de- 
vours the fat, and so employs it in 
his physiological functions: or as 
when the animal which has deposited 
it, himself employs it for his own use, 
which case we see illustrated in the 
bear and other hibernating animals. 
Or, again, it may be by the set of ex- 
ternal hberating agents which pro- 
duce what we call decomposition : as 
when a tree decays slowly where it 
fell, imder the influence of moisture 
and gentle heat : or when a dead ani- 
mal decomposes in the sunlight: — 
though these latter cases are sure to 
be accompanied by the development 
of other organisms, which act as hb- 
erating agents, such as fungi, mag- 
gots, vibrios, and othei* like organ- 
isms. But whatever may be the 
means by which is brought about 
this recombination of the organic 
substances with the oxygen previ- 
ously hberated from their affinity 
by solar Energy, there are two points 
which can be laid down as certain. 
Firsty that no such reaggregation of 
the separated atoms can take place 
without the intervention of a Hberat- 
ing agent, whether that hberating 
agent be moisture, solar hght and 
heat, animal germs, fungus spores, 
or human interference : as we clearly 
see in the fact that to preserve an 
organic substance we may either 
desiccate it, or freeze it, or seclude 
it from Hght and heat, or from ani- 
mal and vegetable germs, or secure 
it from being devored by some other 
organism, or from the interference 
of human beings, who might bum 
it or otherwise cause its reaggrega- 
tion with oxygen ; while on the con- 
trary we know that exposure to one 



or other of tnese Hberating agents 
wiU bring about such reaggregation 
(or decomposition, as it is oftener 
though less accurately called) in 
every kind of organic matter. Sec- 
ond^ that on the whole and in the 
vast majority of cases almost every 
piece of organic matter aggregates 
at last with the oxygen or other 
free atoms from which its elements 
were at first served, and yields up 
its Energy to the ether in some 
more or less conspicuous manner. 
Thus, sooner or later, every plant, if 
left to itself, dies and decays : that 
is, recombin^s with oxygen slowly, 
under the influence of moisture, 
Ught, and heat, and yields up its 
Energy by inconspicuous degrees ; 
while every animal, if left to itself 
similarly dies and decays, probably 
under the influence of other small 
animal germs, which use up its con- 
tained Energies in carrying on their 
own activities : and so, in both these 
cases, the atoms Anally reaggregate 
in stable combination, while the En- 
ergy is yielded up, immediately 
perhaps to surrounding matter, but 
flnaUy to the ethereal medium. So, 
too, if the plant or animal is de- 
voured by an animal organism, its 
atoms are made to combine with 
oxygen within the devouring organ- 
ism, and their Energy is yielded up 
as heat and as movement^ either of 
internal parts or of external limbs, 
and is thus flnaUy dissipated. And 
even if, as in the case of peat, pe- 
troleum, and coal, or of the Siber- 
ian mammoths, the Energetic Com- 
pounds are long secluded by their 
circumstances from Liberating En- 
ergies, it may yet Anally happen that 
human activity may intervene to 
Hberate their Energies, as we see 
when we bum coal, petroleum, or 
peat, or when we exhume mammoths, 
and so expose them to the decom- 
posing (Hberating) action of the sun 
and organic germs. So that organic 
life, when closely considered, proves 
dynamically to be a mere special case 
of the general laws : and we ^ee that 
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thongh it is in its nature separatiye, 
as being the product of solar Energy 
absorbed for a time by particular 
mnndane particles, it nevertheless 
results in a final re'aggregation of 
atoms in stable combination, and dis- 
sipation of Energy to the ethereal 
medium. 

A word of explanation is necessary. 
It may be asked, why will not the 
organic compounds aggregate at once 
with the free oxygen, and why do 
^ they need the liberating agency of 
^ heat or other Energy 1 The answer 
is probably analogous to that which 
we gave in the case of cohesion. 
Unless the atoms are brought very 
close to one another they cannot 
apparently get within the range of 
their mutual afi&nities, and mere 
mechanical juxtaposition is insuffi- 
cient for this purpose witUout such 
atomic vibration as will bring them 
into close quarters with one another. 
But the more complex animal com- 
pounds, as we shall see hereafter, 
seem to possess high Kinetic Energy 
of their own, which can only be kept 
np in the circumstances of the body: 
and it is probable that they spon- 
taneously decompose (or split up 
into simpler and less Energetic com- 
pounds) with a liberation of Energy 
on any direct contact with external 
agencies.* 

In the present work no attempt 
will be made to account for the origin 
and development of living organisms. 
That task has been satisfactorily per- 
formed in portions by Darwin, 
Haeckel, Miiller, Huxley, Wallace, 
Hooker, and others, while a more 
comprehensive and systematic view 
of the whole process has been given 
by Mr. Herbert Spencer (whose name 
I can never pass by without the 
expression of my deepest intellectual 
gratitude and veneration). Their re- 
sults can easily be translated into 
terms of the theory advocated in this 
work: and they have not sufficiently 
direct dynamical bearings to concern 

*Aboiit this point the author is now extremely 
doubtful. 



Its greatly in our present inquiry.* It 
must suffice here to recognise the fact 
that life owes its origin to the chemi- 
cally-separative action of ethereal un- 
dulations on the cooled surface of the 
earth, especially carbonic anhydride 
and water, and that the existing 
diversity of organic forms is due to 
the minute interaction of dynamical 
laws. 

It will, however, be desirable to 
point out that life is essentially 
separative in its nature, because the 
identity of Energy with separation 
is the main point insisted upon in the 
present treatise, and life is the Mode 
of Energy with which hmnan beings 
are most familiar, and from which 
they form their conception of all its 
other modes. 

Life, then, is shown to be essen- 
tially separative, first, because it is 
a product of solar Energy, acting 
upon the superficial matter of the 
earth. This Energy is the locomo- 
tive form of the statical separation 
once existing between the particles 
of the sun's mass. When it falls 
upon the earth, being then in the 
ethereal form, we know that it ief 
partly absorbed by various loosely 
aggregated superficial material mole- 
cules, in which it sets up separa- 
tions that overcome the molecu- 
lar Force of cohesion, and so 
produces winds, storms, ocean 
currents, clouds, &c. Now it simi- 
larly falls upon certain other mole- 
cules, among whose atoms it sets 
up separations that overcome the 
atomic Force of Chemical Affinity, 
and so produces starch, albuminoids, 
free oxygen, and other like chemically 
Energetic bodies. The separative na- 
ture of this process is obvious. With- 
out the disjunctive solar Energy there 
could be no life, just as there could 
be no wind, ocean currents, rain, or 

*It must be understood that no disrespect towards 
such inquiries is intended in the present passage. 
On the contrary, there can be no doubt that, bear- 
ing as they do on all our acts and theories as living 
beings, these questions are of paramount practice 
importance. But they are not necessary to the 
present subject, and they have already been treated 
sufficiently by proper and competent authorities. 
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<doad8. All the stable chemical com- 
pounds would remiain for ever in the 
aggregated state, unless the solar 
]^ergy came in to separate them 
Again, life is seen to be essentially 
aeparative by its mechanical position 
and effects. Trees, plants, and ani- 
mals stand out for the most part at a 
Tisible elevation from the mass of 
the earth's solid crust, and when they 
die, large portions of them fall down 
and are reaggregated with its sub- 
stance. The heat which sets up 
evaporation in leaves causes a capil- 
lary circulation in the yessels and 
cells of the plant, whereby water, 
holding in solution nitrogenous salts 
and mineral matters generally, is 
raised to every part of its surface ; 
and then a large portion of this water 
is evaporated, while the mineral mat- 
ters remain in the leaves and fibres. 
In all this we obviously see separa- 
tive action opposed to gravitation, as 
above we saw it opposed to chemical 
affinity. Still more clear is this point 
of view in animals, which climb trees, 
plants, rocks, and mountains ; which 
fly to great heights in the air; and 
some of which carry about great 
masses of bone, while others lift stone 
and brick to conspicuous elevation 
as houses, towers and steeples. No 
one of these separative acts could 
have been performed without the in- 
tervention of solar Energy. But it 
is especially in its reconversion that 
organic matter shows its separative 
nature. As its atoms reaggregate, 
they give out heat, which obviously 
causes molecular separation in the 
surroimding bodies. The animal or- 
ganism is perpetually in such a heat- 
ed condition, and is perpetually part- 
ing with heat which goes off to swell 
the volume of ethereal Energy. So 
that in every way life reveals itself 
as an effect of the separative action 
exerted by ethereal Energy on the 
superficial material particles of our 
planet. 

Succeeding chapters will deal with 
the phenomena of vegetal and animal 
life severally, as enforcing and illus- 



trating these principles. For the 
present we may content ourselves 
with a brief summary of the results 
already attained. 

Organic life'is one of the effects 
wrought by incident solar Energy on 
the surface of the earth. It origi- 
nates mainly in separative actions, 
whereby atoms ar^ severed from rel- 
atively stable chemical combinations, 
and are either turned loose upon the 
atmosphere in a free state, or are 
built up into Energetic Compounds. 
But through the action of liberating 
agents, also of solar origin, these 
free atoms and Energetic Compounds 
for the most part teooner or later re- 
combine ; whereupon the absorbed 
Energy is once more liberated and 
turned loose upon the ether. Or- 
ganic life is thus a transitory re- 
sult of the general aggregating pro* 
cess during which the Energy liber' 
ated by the aggregation of particles 
in one mass falls upon the aggregar 
ted surface of another mass, and 
there sets up separative ^tions, 
which, however, are most often only 
temporary in their effects, owing to 
the subsequent incidence of liberat- 
ing Energies, whereby the absorbed 
Energy is once more turned loose 
upon tiie ether. 



CHAPTEE VL 

THE VEGETAL OBOANISM. 

Althovoh in the last chapter, 
where we treated of life generally as 
a product of incident solar Energy, 
we made little distinction between 
the two main forms of life, it must 
yet be understood that the relation 
which, as wholes, they bear to the in- 
cident Energy is exactly contrary. 
Vegetal organisms, as a rule, are 
accumulators of Energy, and not ex- 
penders : animal organisms, as a rule, 
are expenders of Energy and not 
accumulators. In other words, the 
vegetal organism is a case where in- 
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ddent Einetic Energy is setting up 
aeparatiye actions between aggrega- 
ted atoms, and is being absorbed (or 
potentialized) in the separation so 
produced: while the animal organism 
is a case in which the atoms so sepa- 
rated are being reaggregated, and 
their Energies, Potential or sup- 
pressed, are assuming the Kinetic 
Mode, either as heat or as visible mo- 
tion. The energy absorbed and po- 
tentialized by the plant, is Idneticized 
and given off by the animal. 

These statements must only be ac- 
cepted as true in the gross, and with 
<iertain deductions duly noted here- 
after. 

The plant is the origin of all the 
Energy possessed by all living be- 
ings. The separation between the 
atoms of water, carbonic anhydride, 
and nitrogenous salts, which takes 
place in its tissues under the influence 
of sunlight, is the Potential Energy 
^hich becomes Kinetic in the grow- 
ing seed, the expanding flower, and 
tihe leaping or flying animal. We 
xnay therefore briefly trace the life- 
liistory of a plant, as throwing some 
light upon the dynamical nature of 
life generally. 

Every plant starts as a spore or 
seed, cast off from a previously exist- 
ing plant. This first germ contains 
some small materials for growth for 
the young plant in the form of Ener- 
getic Compounds, whose Potential 
Energy is to become Kinetic in the 
act of germination. In order, how- 
ever, to produce this effect, liberat- 
ing agents are needed; and these lib- 
erating agents are generally three in 
number, moisture, heat, and light. 
These, acting upon the materials in 
the seed, either cause them to aggre- 
gate with other matters, or overcome 
the suppressing Force ; and in conse- 
quence the materials yield up their 
Potential or Suppressed Energies in 
that determinate form imposed by 
the specific conditions and known as 
germination. The amount of Ener- 
getic materials supplied to the new 
plant (or the fresh year's growth) may 



be very great, as in the potato tuber, 
the lily bulb, and the wheat grain, 
or it may be very little, as in fungi, 
ferns, and cryptogams generally : but 
in every case, if tiie plant is to con- 
tinue living, there must be enough 
Energy to permit of its assuming the 
shape in which it can begin to be act- 
ed upon by the sunlight, and to assimi- 
late fresh matter under the influence 
of that incident Energy. This stage 
is reached when leaves are produced. 
On the surface of these leaves the 
solar Energy produces evaporation, 
and this evaporation gives rise to a 
general capillary action, whereby 
water is raised into the leaves. 

In these leaves the sunlight, acting 
upon carbonic anhydride sucked in 
from the atmosphere, frees the car- 
bon atoms from their union with the 
oxygen, and builds them up with the 
hydrogen into hydrocarbons — ^Ener- 
getic compoimds : while the oxygen is 
turned out upon the atmosphere in a 
free state. Nitrogenous salts in so- 
lution have also been supplied by the 
water, and from these and the starch, 
the plant in some unknown way 
builds up the protoplasm which 
forms the moving portion of all liv- 
ing organisms. The starch, sugar, 
albuminoids, and other organic com- 
pounds thus produced are then cir- 
culated all over the plant, where 
they supply the materials for growth, 
and develop new leaves, which in 
turn increase the amount of Energetic 
matter in the plant. Part of the En- 
ergy thus absorbed is used up by the 
plant itself in its own physiological 
processes. The growth of each cell 
doubtless involves the .expenditure 
of Energy — ^that is to say, some En- 
ergy previously contained by the 
protoplasm assumes thereupon the 
Kinetic Mode, and is in part yield- 
ed up to ether. In the larger physi- 
ological processes, such as germinat- 
ion or inflorescence, it is certain that 
such dissipation of Energy takes 
place, in the first place because free 
oxygen is absorbed and carbonic an- 
hydrid is evolved, which shows that 
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some of the contained carbon has re- 
aggregated with the oxygen ; and in 
the second place because a rise of 
temperature can be shown to accom- 
pany these processes. Accordingly 
we may conclude that the motions 
which take place in plants are due 
to the reaggregation of certain En- 
ergetic particles with the free atoms 
of their neighborhood, and that while 
some of the Energy thereupon hber- 
ated has assumed the form of Molar 
Motion, part of it has been dissipat- 
ed as heat. But a large portion of 
the Energy remains dormant in the 
plant, either in the molar or the at- 
omic species. The leaves and stem 
as wholes, viewed mechanically, re- 
present the former : the starch, pro- 
toplasm, and wood, viewed chemical- 
ly, represent the latter. When the 
plant dies or is devoured, on the 
average of instances the greater part 
of this Energy is rendered Kinetic, 
and ultimately yielded up to the ether. 
Take first the case of a tree which 
dies a natural death. At the end of 
each year its leaves fall. Before they 
do so, they render up their most im- 
portant chemically Energetic prod- 
ucts to the permanent portions of 
the complex organisms ; but inas- 
much as they will bum, they retain 
a certain amount of atomic Energy 
in their cellulose ; and inasmuch as 
they are elevated above the general 
level, they possess Molar Potential 
Energy i/their position. When the 
leaves drop off by the weakening of 
cohesion at their bases (along a pre- 
arranged line) their Molar Potential 
Energy becomes Kinetic in the act 
of falling, and is dissipated as they 
reach the ground. The dead leaves, 
lying on the earth, now consist main- 
ly of inorganic earthly matter and 
cellulose. The action of moisture, 
heat, and light, as hberating agents, 
soon sets up decomposition : and the 
mineral matter lies in situ, while the 
organic substances combine with the 
surrounding oxygen. When the 
whole tree dies tibe same process is 
repeated on a larger scale. The ac- 



tions of moisture, heat and light, 
combined with those of fungi, worms, 
&c., are Hberating agencies which 
cause the trunk to decay and fall, and 
afterwards produce more or less com- 
plete decomposition of the whole tree 
as it hes. In a few cases which will 
be treated of hereafter, the stored-up 
Energies are long retained in coal, 
peat, and vegetal debris : but on the 
average of instances, almost all the 
Energy absorbed during one year 
has been yielded up by the next. 
When the plant is devoured by an 
animal or burnt by man, it under- 
goes a somewhat different yet ulti- 
mately identical cycle of changes, 
which will be more fully detailed in 
our next chapter: for ihe present it 
will suffice to say that its Energetic 
Compounds combine with free oxy- 
gen within the animal organism, or 
the fireplace, and that their Energy 
is used up in the production of mo- 
tion and heat, and is thus, as usual, 
finally transferred to the ethereal 
medium. 

The special case of reproduction 
requires a few addition«d remarks. 
Where this function is carried on by 
inflorescence, we have a series of 
leaves produced which are expendera 
of Energy, instead of being accumu- 
lators, growing and unfolding by the 
employment of Energy stored up in 
other parts of the plant. Most 
especially is this the case with the 
pollen, ovule, and seed. In the 
protrusion of the pollen-tubes and 
the growth of the embryo, we see 
conspicuous instances of the employ- 
ment and dissipation of previously 
stored Energy. In the developed 
seed we sometimes find a store of 
albumen ; and in any case we have in 
the embryo itself a nitrogenous mass 
which is able, under the influence of 
moisture and heat (hberating agents), 
to aggregate in part with oxygenand 
produce germination. Somewhat 
similar in their dynamical nature are 
those morphologically unlike propa- 
gating portions which lay up nutri- 
ment for the future growth of the 
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indiridiial or its offspring. Such are 
the roots and tubers of potatoes and 
beets, the tnbers of the orchis and 
dahlia, the conns of the saf&on, and 
the bulbs or bulbils of the onion and 
the tiger-lily. In every case, motion 
in plants is caused by the aggregation 
of free oxygen with the Energetic 
Compounds of the plant, and by the 
employment of the Energy thus liber- 
ated for the production of Molar 
motion. 

It will thus be seen that even those 
plants which are on the whole accu- 
mulators and storers of Energy are 
themselves to some extent likewise 
expenders of Energy: and that the 
broad distinction which we have 
drawn between the vegetal and the 
animal organisms, viewed dynamical- 
ly, must not be pressed too close. 
In growth, in inflorescence, and in 
germination, the plant is essentially 
an animal. It is only in assimilation 
that it displays the characteristic 
vegetal function of transferring En- 
ergy from ether to material pc^cles 
mainly by the production of hydro- 
carbons, plicB free oxygen, from car- 
bonic anhydride and water. We may 
thus say roughly, in reference to our 
present standpoint, that the assimi- 
lating leaf, frond, or thallus, is the 
only true plant. Nor is this all. 
Many organisms, classed morpholog- 
ically as plants, are in their dynami- 
cal aspect the analogues of ammals: 
that is to say, their functions are 
wholly expensive of Energy and not 
at all accumulative.* The leafless 
parasites (orobanche, cytinus &c.) 
fasten upon some other plant, and 
without themselves contributing to 
the general store of Energy, employ 
the Energetic Compounds laid up by 
their host, in the production of their 
own flowers and seeds. A much 
larger and more important class is 
that of fungi, which live upon the 
roots, stems, seeds, or tubers of other 
plants, upon the bodies or the dung 

^Allusion is not here made to insectlyorotis si>e- 
cies, like Diontea, Nepenthes, and Drosera ; but to 
plants which derive uieir whole material from pre> 
viously organized matter. 



of animals, or upon the generally 
diffused undecomposed organic mat- 
ter of the soil. But whencesoever 
they derive their materials, they 
always thrive upon previously-com- 
posed Energetic Compounds, whose 
Energy they hberate with almost 
explosive pow^r. They are like ani- 
mals in never accumulating Energy, 
while expending that which has 
been previously accumulated by other 
plants. It is noticeable that all these 
quasi-animal functions can be carried 
on in the absence of light, that is, 
of high-power radiant Energy. Thus, 
a seed will germinate, a hyacinth will 
grow from its bulb and produce blos- 
soms, a potato will sprout from its 
tuber, a flower wiU open, and a fungus 
will pass its whole life, under proper 
conditions of heat and moisture com- 
bined with the presence of oxygen, 
in a perfectly dark cellar : because 
the Energetic compounds, and the 
free oxygen whose aggregation hber- 
ates their Energy, are all stored up 
in the plant or its environment be- 
forehand. But no assimilation, no 
separation of atoms from their stable 
unions, can take place except under 
the disjunctive influence of radiant 
Energy. 

So, in spite of these numerous ex- 
ceptions— these quasi-animal func- 
tions of all plants, and these large 
groups of plants with none but qua- 
si-animal functions — the distinction 
which we have marked between 
plants and animals is yet of cardinal 
importance, and for this reason. 
Though some plants are quasi-ani- 
mal, no anim^ is quasi-vegetal.* 
All the Energetic Compounds which 
enter into the composition of any 
living organism are derived, directly 
or indirectly, from plants. In the 
leaf or thallus or body of some 
plant or protophyte all the organized 
materials have taken their rise, un- 
der the separative influence of radi- 
ant Energy. 

To sum up, the conclusion at 

^Exception may be made of a few doubtful ohlo* 
rophyll-containing animals. 
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which we have arrived are these. 
Solar Energy, playing upon certain 
superficial material particles of our 
planet, separates their atoms into 
Energetic Compounds, and free ele- 
ments. The masses immediately 
built up of these Energetic Com- 
pounds, together with certain inor- 
ganic (or stably-compounded) sub- 
stances, are known as plants. They 
go on continuously assisting (by means 
of their chlorophyll) in the similar 
separation of other atoms by solar 
Energy, some of which (hydro-car- 
bons) swell their mass, while others 
(oxygen) are turned loose upon the 
atmosphere. The Energy thus stored 
in the matter of the plants and the 
free elements about tibem, does not 
remain perpetually connected with 
the same particles. Partly it is used 
up in the physiological operations of 
the plant; partly it is stored away in 
seed, tubers, &c.., for future physio- 
logical operations: partly it is dissi- 
pated at the death of the plant. In 
a vast number of instances the 
plant is eaten by an animal, and in 
that case the reaggregation of ele- 
ments and dissipation of Energy 
takes place within the animal's body. 
So that, in the majority of instances, 
the Energy radiated from the sun in- 
to the ether, and temporarily em- 
ployed on the surface of our planet 
in the production of vegetal life, is 
sooner or later cast once more upon 
the ether, to make ' its way for ever 
through the intersteller spaces. Only 
a small portion remains here, dor- 
mant in wood, coal, and peat : and 
even that small portion, as we shall 
hereafter see, is finally used up by 
animals (including man) for some 
purpose connected with their vital 
necessities. 



CHAPTER Vn. 

THE ANIMAL ORGANISM. 

In the last chapter we saw roughly 
what were the dynamical relations of 



those organisms which act mainly as 
accumulators of Energy. In the 
present one we must make a similar 
investigation regarding the dynam- 
ical relations of those organisms 
which act mainly as expenders or dis- 
sipators of Energy. 

Amongst these, as already noticed, 
are many themselves of vegetal ori- 
gin ; and it may simplify matters if 
we first look briefly at &eir nature, 
afterwards noting the principal points . 
of distinction between them and the 
animal organism proper. 

A fungus grows upon a decaying 
tree. It has its origin in a spore ; 
and this spore, alighting in the neigh- 
borhood of previously-accumulated 
Energetic Compounds, has its own 
Energies liberated by heat and mois- 
ture; and thereupon becomes in turn 
a liberator of the Energies in the or- 
ganized matter around it. These it 
gathers into its mass, and gradually 
dissipates, with the exception of that 
portion which is bequeaths to its 
spores, thereby once more beginning 
a similar cycle of changes. Wherever 
the fungus seats itsel/, — ^whether on 
the root or stem of a plant ; or on a 
seed, tuber, or other receptacle of 
Energetic Compounds destined for 
future growth ; or on an animal body ; 
or on a patch of soil containing dis- 
persed undecomposed organic mat- 
ter; — ^it adds nothing to the total 
of Energy, being merely a dissipator 
of the Energy already accumulated. 

Now, the animal organism is a 
mechanism in which these same proc- 
esses take place, but take place much 
more rapidly and conspicuously, and 
are accompanied by certain secondary 
phenomena. As the highest organ- 
isms show all the processes of the 
lower, and also some others peculiar 
to themselves, it may be convenient 
to take an example from the upper 
ranks of animal Hf e to illustrate the 
specialties of the case. 

A young vertebrate begins its ex- 
istence as a small mass of Ener- 
getic Compounds presenting elemen- 
tary organization, surrounded by 
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another mass (more or less) of com- 
paratiyely unorganized Energetic 
material. As in the case of the plant, 
the material may differ in amount 
but must be sufficient, under the lib- 
erating agency of heat, to carry on 
the process of organization to such a 
point that the young organism can ob- 
tain the necessary further material for 
itself. In the case of a bird, this 
material is supplied by the food-yolk; 
in that of a mammal it is supple- 
mented by nutriment derived from 
the maternal circulating system. But 
in every case, the yoimg plant and 
the young animal are idike in this, 
that each begins its life as an ex- 
pender of previously-accumulated En- 
ergy. It is needless to add that the 
presence of free oxygen, which com- 
bines with the food-stuffs to produce 
carbonic anhydride, and so yields up 
its Energy for the act of organiza- 
tion, is in both cases indispensable. 
So soon, however, as the self-sustain- 
ing degree of organization has been 
reached, a wide difference begins to 
manifest itself. The plant spreads 
its leaves to the sun and the air, 
and drinks in carbonic anhydride and 
water, from which the ethereal En- 
ergy separates part of their oxygen, 
and manufactures starch and other 
organic compounds. The animal, on 
the contrary, devours the compounds 
thus formed, and drinking in the free 
oxygen, causes them to reaggregate 
within his body, using up the En- 
ergy so liberated, partly for the 
production of heat, partly for physi- 
ological processes, and partly for 
locomotion. What may be the exact 
nature of these conversions we do 
not fully know : and even if we did, 
they could only be detailed in a com- 
plete work on Physiology : but it is 
sufficient for our purpose to point 
out that Energetic carbonaceous and 
nitrogenous matters pass into the 
body by one channel, and free oxygen 
by another ; that they leave the body 
as carbonic anhydride, ammonia, 
water, and other de-energized prod- 
ucts; and that heat and motion 



have been given out meanwhile. The 
animal organism is thus essentially 
a seat for Uie reaggregation of matter 
and the dissipation of Energy. It 
is, however, probable that part of 
the Energy thus liberated is not im- 
mediately dissipated, but is used up 
for the time being in the so-called 
synthetic processes of the body. What 
these really are, we do not thoroughly 
understand: but it seems likely that 
they may be combinations of many 
atoms, possessing high relative Ki- 
netic Energy, upon whose decomposi- 
tion the Kinetic Energy is liberated.* 
Thus, a manifestation of Energy ac- 
companies the conversion of sugar 
into lactic acid, or into alcohol and 
carbonic anhydride, although no new 
oxygen is united during the process. 
At any rate, waiving aU speculation, 
it is certain that these bodies, unlike 
ordinary compounds, possess Energy 
in their composite form, which is dis- 
sipated when they separate into sim- 
pler bodies. 

While the animal lives, he is per- 
petually taking into his organism 
Energetic Compounds stored up in 
planets, or temporarily deposited in 
the tissues of other animals, and 
using up their Energies for his own 
activities. In some cases the matters 
thus absorbed are immediately em- 
ployed for physiological processes: 
but in other cases they are stored up, 
like the starch and albumen of seeds 
or tubers, for future use. A bear 
living through the winter on his own 
fat, or a camel consuming his humps 
during a journey, is the exact ana- 
logue of the sprouting wheat and of 
the potato or hyacinSi grown in a 
cellar. When the animal dies, heat 
and other animal germs act as 
liberators for his stored-up tissue 
Energies; and decomposition rapidly 
sets in, resulting in the final formation 
of stable compounds. Thus the 
matter which during the animal's 
life possessed Energy of chemical 
separation in its atomic composition, 
— ^Energy of molar separation in its 

'*This the author now greatly doubts. 
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erect position and frequent elevation 
in the air or on mountain tops, — 
Energy of molecular motion in its 
heat, — and Energy of molar motion 
in its locomotive processes, — ^becomes 
at last a number of chemically stable 
masses, partly aggregated with the 
earth's surface, and partly floating as 
carbonic anhydride, incapable of 
resuming its separate and self-moving 
condition except by the intervention 
of fresh solar Energy through the 
agency of vegetal life. 

Viewed from a wide standpoint, we 
may say that animals act as liberating 
agents for the Energies stored up in 
plants. They are Qierefore links in 
that general chain of processes 
whereby separate portions of matter 
are made to aggregate in the stablest 
union, and their previously-existing 
separation is imparted to the ether. 



CHAPTER Vin. 

GENERAL VIEW OF MUNDANE ENERGIES. 

We have now completed our brief 
survey of the cosmical facts known 
to us at present, and examined their 
congruity with our general theory 
of two opposing Powers, aggregative 
and separative. But before we close 
the subject it may be well to look 
briefly at the facts of mundane En- 
ergy in their entirety, with' especial 
reference to the part played by man. 

By the term ' Cosmical Energies of 
the Earth' we may understand all 
that Energy which our planet pos- 
sesses in virtue of its statical separa- 
tion from the sun and the other 
sidereal bodies. By the term ' Proper 
Energies of the Earth' we may 
designate all that Energy which 
the material particles composing the 
earth's substance now possess or 
formerly possessed in virtue of their 
own original separation from one 
another, as masses, molecules, or 
atoms. Finally, by the term 'De- 
rived Energies of the Earth,' we may 



understand all that Energy which, 
our planet has absorbed h*om the 
radiated Energy of other aggregating 
masses elsewhere : and as the amount 
of such absorbed Energy derived 
from' the 'flxed* stars or reflected 
from the moon and planets is practi- 
cally without conspicuous effects on 
the earth's surface, we may consider 
this term as equivalent to directly 
incident solar Energy. 

The Cosmical Energies need not 
long detain us. Doubtless, as the 
earth loses orbital Energy by ethe- 
real friction, it is slowly approaching 
the sun, while the sun in turn is ap- 
proaching its own central point of 
attraction ; but these remote possibil- 
ities possess for man only a specula- 
tive interest, and have no influence 
on practical mechanical activities. 

The Proper Energies of the Earth 
are more interesting to humanity. 
(1) First, come the facts of the planet's 
orbital Energy and nutation, which 
indirectly yield the phenomena of 
winter and summer. (2) Next comes 
its axial motion (the indii*ect cause 
of day and night),* of whose dissipa- 
tion the tides are a concomitajit. 
(3) More purely terrestrial are the 
phenomena of earthquakes, volca- 
noes, &c., which are Kinetic trans- 
formations of the statical separation 
existing between the superficial and 
central masses. (4) Derived from the 
last-named Energy is the Potential 
Energ;f of mountains and other mass- 
es raised by lateral pressure above 
the general level of the solid and 
liquid surface. In both these cases, — : 
that of the whole cohering crust, and 
that of special raised masses — small 
portions of the Potential Energy be- 
come from time to time Kmetic 
under the influence of liberating 
agencies ; in the first case, we know 
the result as an earthquake, . in the 
second as a landslip. (5) Next may 
be mentioned the internal heat of the 
earth, small portions of which are 

♦Indirect, because the real cause is the incident 
stmlight. "Were there no sun, the axial energy 
might still continue, but not, of course the daylight. 
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always escaping by conduction 
through the cohering crust. (6) 
Lastly, we may mention the Poten- 
tial Energy of chemical separation in 
free elements, like sulphur &c., 
within the earth's crust, if these ought 
not to be regarded as of organic 
origin, and consequently included in 
the list of Derived Energies. All 
theise Proper Energies are the 
sui^riving forms of the separation 
once existing between the various 
portions ef our earth. (But in the 
case of the cohering crust, the moun- 
tains, and the free elements, the 
Energies remain as statical separa- 
tions to our own time. In the case 
of the orbital and axial Energies, the 
separation has assumed the form of 
continuous molar motions. In the 
case of the internal heat, it has 
assumed that of continuous molecular 
motion.) And in every earthquake, 
landslip, falling cliff, or tmnbling 
stone, we see these Potential Energies 
assuming the Kinetic Mode under 
our very eyes. Nor is it necessary to 
show in detail how the earth is 
gradually parting with all these 
Proper Energies. The orbital and 
axial motions are being dissipated by 
ethereal friction or by the moon's 
attraction. The internal heat is 
being dissipated by conduction. The 
Potential Energy of the crust is 
being given up from time to time by 
earthquakes, or, after assuming. the 
form of heat in volcanic eruptions, is 
being radiated off into ether. And 
the moimtains, cliffs, and other 
elevated portions locally raised for 
awhile (to outward appearance) by 
these widespread disturbances, above 
the general level, are being for ever 
worn down by rain, storms, roots, 
animal footsteps, and other results of 
those Derived Energies which we 
have next to examine. So that the 
remaining Proper Energies of the 
earth (most of them having been long 
since dissipated, after the partial 
aggregation of its matter, during the 
cooling of its crust) are still beingr 
cast loose, in one form or another. 



upon the Energy-absorbing ether; 
while a corresponding aggregation of 
its matter is for ever ta^g place. 

But the great mass of those Mun- 
dane Energies in which man is 
directly interested belong to the class 
of Derived Energies. And these, as 
we have already seen, may be con- 
sidered as practically equivalent to 
the directly-incident solar energy and 
its derivatives. They are difficult to 
classify, owing to their rapid changes, 
but the f oUowing division may !ast 
some light on their nature. Solar 
Energies are either Direct, as light 
and radiant heat, or Absorbed, as in 
clouds, organisms, &c. The latter or 
Absorbed class may be again divided 
into those of Inorganic Origin, and 
those of Organic Origin. Each of 
these will demand separate treatment. 

Direct Solar Energy, is the radi- 
ant Energy which from moment to 
moment is cast upon our planet from 
the sun. If the surface of the earth 
were composed of a perfectly reflect- 
ing non-absorbing substance, all this 
Energy would immediately be reflect- 
ed back into space. As it is a small 
portion is so reflected, but the greater 
part is absorbed by various super- 
ficial bodies in the production of mo- 
tion and separation between their 
parts. 

Absorbed Solar Energy, employed 
for Inorganic purposes, gives rise to 
the following among other phenom- 
(1) The Energetic gaseous 
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condition of the atmosphere. (2) 
The Energetic liquid condition of 
water in temperate climates. (3) 
The melting of ice.. (4) The act of 
evaporation and rising of vapor. 
(5) The production of winds and 
storms. (5) The production of ocean 
currents. Some of these Energies 
are Kinetic, as in the case of the gas- 
es, liquids, &c. : but in other instan- 
ces the Energy is rendered Poten- 
tial for awhile, as in the case of the 
floating cloud, the head of water, and 
the ice or snow upon the mountain 
tops. And, finally, these Potential 
Energies are constantly becoming 
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once more Kinetic, as when the rain 
falls, the river flows, and the glacier 
or avalanche slides down the valley. 
Each such Kinetic Energy is of 
course in the act of being dissipated, 
by friction or otherwise, to the ethe- 
real medium. And as before noticed, 
these Inorganic Absorbed Ener- 
gies become liberating agents for the 
proper Potential Energy of the earth, 
when rain or rivers wear down rocks 
and mountains; when glaciers or 
avalanches grind their bed and tear 
away the stones ; when storms beat 
the waves against the cliff; and when 
winds upset rocky masses. Moreover, 
they also act as liberating agents 
for Potential Energy of Organic 
Origin, when lightning, rain, or wind 
wears down and overthrows trees or 
buildings, when storms sink iron 
ships, and when avalanches over- 
whelm villages. 

Still more difficult to trace, because 
of their numerous involutions, are 
the vicissitudes of that Energy 
which assumes the Organic form. 
Yet we must endeavor to give some 
account of its main phases. The En- 
ergy which falls on the growing 
plant lays up Energetic Compounds 
in the plant's substance and raises it 
to a position of visible height. 
Part of the Potential Energy tiius 
obtained, the plant uses up in its 
own processes: part remains for 
awhile inherent in its tissues. But, 
for the most part, sooner or later it 
is either devoured by an animal, or 
else dies. In the first case, the 
animal digests it, and uses up its 
Energy in its own processes as heat 
and motion. In the second case, 
fimgi grow upon it, worms devour 
it, water disintegrates it, and in one 
way or another it yields up its En- 
ergy at last to ether. Besides the 
Energy thus stored up in existing 
organisms, there is some Energy 
belonging to extinct organisms yet 
remaining on our earth. The small 
amount which is stored up in wood, 
meat, Siberian mammoths, desiccated 
diatoms, and other like forms, may 



be neglected on account of its in- 
significant quantity. But there are 
considerable stores of Energetic 
material, known as coal, peat, rock- 
oil, &c., which deserve a passing 
mention. These are so situated that 
without a liberating agent they 
could not be dissipated. Such a 
liberating agent they And in man^ 
who is so rapidly using them up 
that he is now beginning to look 
forward to a future when all such 
stores will be exhausted, and when 
he will have to depend for his stock 
of Energy on the immediate daily 
supplies £rom the sun. As to the 
animal organisms, they are them- 
selves entirely expenders of Energy, 
and their whole Hfe consists in a re- 
aggregation of matter and conse- 
quent dissipation of Energy. In 
one way, however, such organisms 
leave portions of their Energy for 
awhile in a Potential form, namely 
by building. Every house, wall, 
church, &c., is a mass raised to a 
height by means of Energy : and it 
may reteun its Energy, in the absence 
of a liberating agent, for a consider- 
able time. But in the end. Solar 
Energy, in some one or other of its 
t^nsformations, will act as a liberat- 
ing agent to reduce these irregulari- 
ties and wear down their masses. 
Either by rain, wind, fire, roots of 
trees, lightning, or the hand of man, 
every building sooner or later totters 
to the ground. And if it escapes all 
these, the earth's own Proper Energy 
may prove its overthrow, by tides, 
earthquakes, subsidences, or volcanic 
eruptions. So that, as in every other 
case, we see the matter ultimately 
aggregating and the Energy handed 
over to the aU-absorbing ether. 

Thus the earth is forever parting 
with its Energy in every shape. It 
is slowely aggregating with the sun 
and the fixed stars. It is losing its 
orbital and axial motions. By inter- 
nal cooling, by subsidences, earth- 
quakes, and volcanic eruptions, by 
radiation from lava and hot springs, 
it is getting rid of the proper sepa- 
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laiion and motion inherent in its 
own mass. Solar Energy falling np- 
on it prevents and counteracts for 
awhile its total aggregation, — Clique- 
fies the ocean, keeps the atmosphere 
gaseous, creates winds and currents, 
piles ice on mountain-tops, stores up 
Energetic Compounds in vegetal and 
animal organisms,, lays by coal and 
peat, builds castles and cathedrals, 
smelts iron, and separates chemical 
bodies in phials and jars. But this 
very same Solar Energy acts as a lib- 
erating agent in the long run not 
only for its own Potentially-Ener- 
getic products, but also for the pro- 
per Potential Energy of the esuih. 
It wears down dififs, mountains, and 
table-lands, it melts the ice and snow 
on the mountains, it sets the animal 



[ to devour the plant; it drives man to 
dig and bum IJie coal and petroleum: 
it overthrows the buildings he has 
piled ; it rusts his iron implements ; 
it corrodes his chemical reagents. 
In one way or another, all the Ener- 
gy of the earth's own primitive sepa- 
ration, and all the intercepted Ener- 
gy of the sun's primitive separation, 
go together to swell the Energy of 
the ether, the great waste-heap of 
the Universe. 

The authorisnotdisinclined to con- 
sider the ether as composed primord- 
ially of the most tenuous ponderable 
matter on the outside of all aggre- 
gating systems, to which therefore 
their Energy has been transferred, 
so as at last practically to neutralize 
the inherent Forces. 



TEDB END. 



CONTENTS. 



PART I.— ABSTRACT OB ANALYTIC. 

CHAPTBB FA6K 

L POWEB 4: 

II. FOBOE 4 

in. Enebgy 5 

IV. The Spzcizb op Fobce 6 

V. The Species op Eneboy ^ 

VI. The Modes op Eneboy 11 

VII. The Kinds op Kinesis 15 

Vlll. The Pebsistenoe OP Fobce 15 

IX The Ck)NSEBYATiON OP Eneboy j»16 

X. The iNDEBTBUCTiBrLiTY OP Poweb »18 

XL The MuruAii Intebpebenob op Fobces 9..JI19 

XII. The Sttppbession op Eneboies 21 

Xm. Libebatinq Eneboies 21 

XIV. Miscellaneous Illustbations 23 

XV. The Dissipation op Enebgy 2G 

XVI. The Natube op Eneboy 27 

XVn. The Natube op Motion 2S 



PART IL— CONCRETE OR SYNTHETIC 

ohapteb paok 

I. Dynamical Fobicula op the Uniyebse 29 

n. The Sidebeal System 31 

in. The Solab System 34 

IV. The Eabth 37 

V. Obganio Lipb 42 

VI. The Vegetal Oboanism 46 

Vn. The Animal Obganism 50 

Vlll. Gensbal View op Mundane Eneboies 52 



CATALOGUE 



OF 



The Humboldt Library 



OF 



Popular Science. 



Containing the works of the foremost sderUiflo ioritera of the €tge. — Ths Cheat 

Glassiee of Modem Thought, — 8Prong meaJtfor them that a/reoffuU age. 

Single numbers 16 oenti. Double numbera 80 cents. 



Sbb 1» Uffht Science for I^oteiire Hotirs. 

A eeries of familiar essays on astronom- 
loal and other natural phenomena. B7 
Sidiard A. Proctor, F.BJLS. 

Bta. 3. V<yrms ofWater in Clonds and BiTem, 
lee and Glaciers. (19 iUi(ftra(»0iu). By 
John TyndallfFJUS. 

Ho. 8. Physics and Polltlof* An appUofttlon 
01 the principles of Natural Science to 
Political Society. By Walter Bagehot, 
anfhor of *' The English Constitution." 

Ho. 4. MaoPs Place in Nature* ijtniXk numerota 
HUutrationt), By Thomas H. Buxley. 
P.xLS. 

Ho. 6. X^acatlon* Intellectual, Moral, and 
PhysicaL By Herbert Spencer. 

Ho. 6. Town Ctoologry* With Appendix on 
Coral and Coral Beefii. By Bev. Charles 
Kingsley. 

Ho. 7. The Conservation of Energy, (with 
manerous iUuttrcUiom). By Balfour Stew- 
art, IX.D. 

Ho. 8. TheStndy of lAnsrnages, brought back 

to its true principles. By C. MaroeL 

The Dataof Ethics. By Hebert Spencer. 



Ho. 9. 
Ho. 10. 

Ho. 11.^ 
Ho. 13.! 

Ho. 13. 



The Theory of Sonnd In Its Relation 
to MnslOy (immerom Ukulratioiul), By 

t Prof.FietroBja8ema. 

The Naturalist on the BlTer Ama- 
sons* A record of 11 years of trav^ 
By Henry Walter Bates, FJL.S. {Not 
gUdtgaarcUdy). 

mind and Body. The theories of their 
relations, ^y Alex. Bain, LL.D. 

3I0. 11. The Wonders of the Heavens, (ikirtif 
two Ulutbratiom). By Camille Flammarion. 

Ho. 15. Ix>ngeTlty. The means of prolonging 
^ life after middle age. By John Gardner, 
lf.D. 

"No. 16. The Orlflrin of Species. By Thomas H. 
Buxley, F.B.a 

.^0.17. Proiress! Its Iaw and Cause. With 
other disquisitions, fiy Herbert Spencer. 

Ho. 18. Iiessons In Bleotrldty, (tixly Ubutra- 
UontJ, ByJohn3^dul,F.B.S. 

Ho. 19. IkmUlar Bssays on Scientific Sub- 
jects. SySichard A. Proctor. 

Ho. 30. The Romance of Astronomy. By B. 

£aUey Miller. MA. 

Ho. 31. The Physical Basis of IJfe, with other 
essays. By Thomas B. Bnzley« FJEL& 



Ho. 33. Seelngr and Thinking. By William 
Kingdon Clifrord, F Jt.& 

No. 33. Sclentlflo Sophisms. A review of our* 
rent theories concerning Atoms, Apss 
and Men. By Samuel W^wrlght, D.D. 

Ko. 34. Popular Selciitliio X«etnres» c^u^r^ 
<6^. fiy£roLH.HdiBhdltB. 

No. 35. TheOrlgIn of Kattans. By Scof. Geo. 
Bawlinson* Oxford UniTersitgr. 

No.3e. The BroluttonMat Isuve. fiyGzant 

No.27. The History of randholdlnff In Bsc> 
land* fly Joseph Fisher, F AH A ^^ 

No. 28. Stehlon In Beformlty, as illustrated 
in the customs of Barbarous and CiTlI- 
^edBaces. (mmeroutilluitratUms), By 
William Henry Flower, F Jt.S. 

Ko. 29. XlMsts and Plotlons of Zoolof^ (mm. 
ij^enmiUMiMiontf. fly AndrewWUsoib 

No. 80. The Study of Words. Part L 
Biohard Chenevix I^rench. 

The Study of Words. Partn. 



By 



No. 81. 

No. 82. 



Hereditary Traits and other 

ByBiohaxdi 



No. 83. VJ 



Ignet 

Ailea. 



ittes tnua Miiitiire. fly Gzaaf 



i;o. 8A. The Philosophy of SCyto. fly Herbert 
Spencer. 

No. 85. Oriental BeUgloiMU By John Caird* 
Prss. UnlT. CHssgow, and Others. 

No. 86. I^Bctnres on Brolutkin. (2Z<lH^-atei;.) 
By Prof. T« H. Huxley. 

No. 87. Six lActurea cm Ught. (IMafraMr. 
fly Prof. John Tysdau. 

No. 88. Geological Sketches. Pirt L By 
Archibald Geikie. F.BJ3. 

No. 39. Geologloal Sketches. Partn. 

No. 40. The Bvldence of Organic Brolutlon 

By George J, Bomanes. F.B.S. 

No. 41. Current Discussions In Science. By 

W. M. Williams. F.0J3. 

No. 43. History of the Sdenoe of Politics. 

By Frederick Pollock. 

No. 43. Darwin and Humboldt. By PrefL 
Huxley, Prof. Agassis, and others. 

No. 44. The Dawn of History. Parti. By CI 
F. Keary, of the British Museum. 

No. 45. The Dawn of History. Part XL 



No. 46. 

No. 47. 
No. i8. 
No. 49. 



The mseases or Memorj. By Th. 

Bibot. Txanalated from the French bj 
J. FltEgerald. MJL 

Hie Childhood of Religion. By 

Edward Clodd, F.B.A.S. 



life In Nature. (lOmtratod.) By James 
Hinton. 

The Son ; Its Oonititatlon, its Phenom- 
ena, its Condition. By Judge Nathan T. 
Garr, Oolnmbiis. Ind. 

No. 60. Money and the Mechanism of Bx- 
ohange. Part I. By Prof. W. Stanley 
Jerons, F.B.S. 

Money and the Meelianlfm of Bx- 

change. Part II. 



No. 61. 
No. 62. 



The IHseases of the Will. By Th. 

Bibot. Translated from the Fj*ench by 
J. Fitsgerald. 

No. 63. Animal Antomatlflm. and other Essays. 
By Prof. T. H. Hnzley, F.B.S. 

No. 64. The Birth and Growth of Myth. By 

Edward Olodd, F.BJLS. 

No. 66. The Selentlflc Basis of Morals, and 

other Essays. By William Kinflgdem Glif- 
focd, F.B.S. 

No. 66. nioslons. Part I. By James Snlly. 

No. 67. nioslons. Part II. 

No. 68. The Orlgrln of Species. (Doable num- 
ber). Part I. By Oharles Darwin. 

The Origin of Species. Double num- 
ber. Part II. 



No. 69. 
No. 60. 



No. 61. 



The Childhood of the World. By 

Edward Olodd. 

Mleeellaneous Essays. By Bichard A. 
Proctor. 



No. 62 The Bellglons of the Ancient World. 

By Prof. Geo. Bawlinson, Univ. of Oxford, 
(Double Number). 

No. 63. Progressive Morality. By Thomas 
Fowler, LIj.D., President of Corpus 
Christi Coll.. Oxford. 

No. 64. The Distribution of Animals and 
Plants. By A. Buseell Wallace and W. 
T. Thistleton Dyer. 

No. 66. Conditions of Mental Development: 

and other essays. By William Einsdon 
Clifford. ^^ 

Ho. 66. Technical Bdneatlon : and other essays. 
By Thomas H. Huxley. F.B.S. 

Ko. 67. The Black Death. An account of the 
Great Pestilence of the 14th Century. 
By J. F. C. Hecker, VL D. 

Ko. 68. Three Bssays. By Herbert Spencer. 
Specdal Number. 

No. 69. Fetlchlsm: A Contribution to Anthropo- 
logy and the History of Beligion. By 
Frits Schultze, Ph JO. Double number. 

NOb 70. Sssays Speculative and Practical. 

By Herbert Spencer. 

Na n. Anthropology. By Daniel Wilson. Ph. 
D. Witii Appendix on Arohnology. By 
£.B.Tylor,F.B.S. r 

Ko. 7X The Dancing Mania of the Middle 
Ages. By J. F.C. Becker, M.D. 



ITo. T3. Bvolntlon In History, language and 
Science. Four Addresses delivered at 
the London Crystal Palace School of Art, 
Science and literature. 

No. 74. } The Descent of Man» and Selection in 
No. 76. 1 Belation to Sex. {Ntmermu lUtubraHom] 
No. 76. r By Charles Darwin. Not. 74, 76. 76 are 
No. 77. 1 MingU Not.; No. 77. is a dMfbU No. 

No. 78. Historical Sketch of the Dlstribn- 
tlon of land in England. By Wil- 
liam lioyd Birkbeck, M.A. 

No. 79. Selentlflc Aspect of some Familiar 
Things. By W. M. Williams. 

No. 80. Charles Darwin. His life and Work* 
By Grant Alien. (Double number). 

No. 81. The Mystery of Matter, and the 
Philosophy of Ignorance. Two Es- 
says byj. Allanson Picton. 

No. 82. ninslons of the Senses: and other Es- 
says. By Bichard A. Proctor. 

No. 88. Profit-Sharing Between Capital and 
Labor. Six Essays. By Sedley Tkylor, 
ILA. 

Studies of Animated Nature. Four 
Essays on Natural History. By W. S. 
Dallas, FJ:«.S. 



No. 84. 



No. 86. 


No. 


86. 


No. 


87. 


No. 


88. 


No. 


89. 


No. 


90. 


No. 


91. 


No. 


92. 



The Essential Nature 

By J. Allansou Picton. 



of Religion. 



The Unseen UniTene, and the Philoso- 
phy of the Pure Sciences. By Prof. Wm. 
Xingdon Clifford, F.B.S. 

The Morphine Habit. By Dr. B. BsU. 
of the Paris Faculty of Medicine. 

Science and Crime and other Essays. 
By Andrew Wilson, F JLS.E. 

The Crenesls of Science. By Herbert 
Spencer. 

Notes on Earthquakes: with Fourteen 
Miscellaneous Essays. By Bichard A. 
Proctor. , 

The Bise of Universities. By S. S* 
Laurie, Ui.D. (Double number). , 

The Formation of Vegetable Mould 
through the Action of JSarth 
Worms. By Charles Darwin. LL.D. 
F.B.S. (Double number). 

Solentlflo Methods of Capital Pun- 
ishment. By J. Mount Bleyer, M.D. 
(Special number). 

No. 94. The Factors of Organic Z^rolntlon• 

By Herbert Spencer. 

No. 96. The IMseases of Personality. By Th. 

Bibot. Translated from the French by 
J. Fitzgerald, M JL 

No. 96. A Half-Century of Science. By Prof. 
Thomas H. Huxley, and Grant Allen. 

ITo. 97. The Pleasures of Idfe. Sy Sir Jo7 

Lubbock, Bart. 

No. 98. Ccwmic Emotion: Also the Teach 
ings of Science. By William Kingdon 
Caiflord. Opecial number). 

No. 99. Nature Studies. By Prof. F. B. Eaton 
Lowe; Dr. Bobert Brown, F.L.8.; Geo. 
O. Chisholm, FJEkG.a, and James IM- 
lSS,F«US. 



No. 98. 



iid. ixJkt. 
Ho. 101. 

JTo. 103. 

Vo. 108. 

Ko.104. 
Ho. 106. 



Bfcienoe and Pbeifcry, with otlier iBt- 
Bays. By Andrew WilBon. F.BJi.B. 

.Sisthetie»; Dreams and AModatlon 
of Ideas. By Jas. Salljr and Geo. 
Croom BobertBOiu 

Ulthnate Finance; A True Theoiy 
of Co-operation. By William Nelson 
Black. 



The Comins: Slavei^; The Sina of 
Ijeyislatora; The Oveafe Political 
Superstition. By Herbert Spenoer. 

Tropical Aftrica. By Henry Dnun- 
mond. F.B.S. 

freedom in Science and TeachiniT* 

By Ernst HaSckel. of the University of 
Jena. With a Prefatory Kote by Prof. 
Huxley. 

Bo. loe. Fbree and Energr* A Theory of 
Dynamics. By Grant Allen. 

Ko. 107. Ultimate Finance. A Troe Theory 
of Wealth. By 'William Nelson 
Black. 

No. 108. En^^lish, Fast and Present. Part L 
By Bichard Obeneyix Trench, (Doable 
nnnU>er). 

No. 109. BngrUsh, Past and Present. Psrt H. 
By Bichard Gheneyix Ttenoh. 

Ho. 110. The Story d Creation. A Plftln Ac- 
count of X!Tolati<m. Bj Sdwaxi 
Clodd. (Double number). 

No. 111. The Pleasures of I4fe. Part IL By Sir 
John Lubbock, Bart. 

No.ua. Psyshologry of Attenttoi^ ^J^^* 
Bibot. Translated from the French Dy J, 
Fitzgerald, M.A. 

No. 113. Hypnotlsni. Ite Histo^Mtd DevdOT^- 
ment By Fredrlk BJdmstrom, M.D., 
Head Physioian of the Stockholm Hospi- 
tal. Professor of Psychiatry. Late Boyal 
Swedish Medical CJouncillor. Authorised 
Translation from the Second Swedish 
Edition by Baron Nils Posse, M.G., Direc- 
tor of the Boston School of Gymnastics. 
(Double Number.) 

No. U4. Christianity and Agrnosticlsm. A 
Controversy. Consisting of papers 
contributed to The Nineteenth Century by 
Henry Waoe. D.D., Prof. Thomas H^itt- 
ley, TOie Bishop of Peterborough, W. H. 
Mallock, Mrs. Humphry Ward. (Double 
Number.) 

No. 116. Darwinism : An Exposition of the Theo^ 
of Natural Selection, with some of its 
applications. Part I. By Alfred Bussel 
WiSlace, LL.D.. F.L.S., etc. Illustrated. 
Rouble Number.) 

No. 116. Darwinism: An Exposition of the 
Theory of Natural Selection, with some 
of its AppUcations. Part II. Hlustrated. 
(Double Number.) 

No. 117. Modem Science and Mod. Thought. 

By S. Laing. Illustrated. Rouble 
Number.) 

No. 118. Modem Science and Mod. Thought. 

Pajrtn. By S. Laing. 

No. 119. The Electric light and The SJormg of 
Electrical Energy. (Illustrated) Gerald 
Molloy. D.D., D.Sc. 

No. 120. The Modem Theory of Heat and The 

Sun as a Storehouse ef energy. (uiuB- 
trated.) Gerald Molloy, D,D., D.Sc. 



No.iQl. ttilitairiaiitoni. By John Stilart Hdt 
N0.1M. Upon the Origin of Alpine and 
Italian lAkes and i:9on Glacial Ero- 
sion. Maps and Illustrations. By Bam- 
sey. Ball. Murohison, Studer, Fsrre. 
Whymper and Spenoar. Part I. (Double 
Number.) 
Upon the Origin of Alpine and 
ftallanl4aies,Etc..£to. Partn. 

The Quintessence of Socialism. By 

Prof. A. Sohaflle. 

f Darwinism A Politics. ByDarid G. 
J Eitchie,M.A. ^ 

•j A wiiwta ty^tive Nihilism. By Thomas 

[ Huxley. F.B.S. 

Physiognomy A Expression. By P. 

Mantegazza. Illustrated. Part I. (Dou- 
ble Number.) 

Physiognomy A Expression. Part II. 
(Double Number.) 

The Industrial Bevolutlon. By Arn- 
old Toynbee, Tutor of Balid CJollege. 
Oxford. With a short memoir by B. 
Jowett. Parti, pouble Number.) 

The Industrial Bevolutlon. Part IL 

(Double Number.) 
The Origin of the Aryans. By Dr. 

Isaac Taylor. Illustrated. PartL Rou- 
ble Number.) 

The Origin of the Aryans. Part n. 
(Double Number.) 

The Evolution of Sex. By Prof. P. 
Geddes and J. Arthur Thomson. Illus- 
trated. PartL (Double Numft)er.) 

The EvoluUon of Sex. Part n. (Dou- 
ble Number.) 

The lAW<tf Private Bight. By George 
H. Smith. (Double Number.) 

Capital. A Critical Analysis of Oapitalist 
Production. By Earl Marx. Part L 
(Double Number.) 
No. 136. Capital. Part n. (Double Number.) 
No. 137. Capital. PartllL (Double Number.) 
No. 138. Capital. Part IV. (Double Number.) 



No. 123. 
No. 124. 

No. 126. 
No. 126. 

No. 127. 
No. 128. 

No. 129. 
No. 130. 

No. 181. 
No. 132. 

No. 183. 
No. 184. 
No. 136. 



139. Ugtotning, Thunder and lirihtninjrOon- 
duotors. (Illustrated.) By Gerald Uoh 
loy, D.D.,D.So. 

140. What is Music ? With an appendix on 
How tiie Geometricsl Lines have tiieir 
Counterparts in Music. By Isaac L. Rice. 

141. Are the FfBeets of Use and »!»«»« In- 
herited? By William PlatiiBaU. 

U2. ATlndlcation otthe nighUot Wo- 
man. By Mary Wollstonecraft. Wiiii 
an Introduction by Mrs. Henry Fawcet. 
Part I. (Double Number.) 

143. A TIndlcatlon of the Bisrl^ts of Wo- 
^i^« PartIL (Double Numbw.) 

CiTlllzatlon: Its Cause and Cure. 

By Edward Carpenter. 
Body and Mind, By William Eingdon 

Clifford. 
Social Diseases and Worse Beme« 

dies. By Thos. H. Huxley, F. B. 8, 
The Soul of Man under Socialism. 

By Oscar Wilde. 

Electricity, the Science of the 
Nineteenth Century. By E. 0. Oail- 
lard. (IUm.) Parti. Double numberr 

No. 149. The same. Part II. 



No. 

No. 

No. 
No. 

No. 
No. 
No. 
No. 
No. 
No. 



144. 



146. 
146. 



147. 



148. 



MO. 150. Deflreneratlon : A Chapter In Dar- 
winism. (lUastrated.) By E. Ray 
LanKester, M.A., LL.D., F.B.S. 

No. 151.) Mental Sasrsrestlon. By Dr. J. 
No. 152.) Oohorowicz. Fart I. (Double Num- 
ber.) 



No. 153.) Mental Snsrsrestion. Part tl. 

No. 154.) (Doable Number.) 

No. 155.) Mental SasrsT^stion. Part III. 

No. 15<$.) (Double Number.) 

No. 157.) Mental Sngrsestion. Part 17. 

No. 158. ) (Double Number.) 



COMPLETE SETS OF 

THE HUMBOLDT LIBRARY 

CAN BE OBTAINED UNIFOBM IN BIZE. 
STYLE OF BINDING. Etc. 

The Yolumes average oyer 600 pages each, and are arranged thus : 

Volume I. Contains Numbers, 1-12 

** II. *' ** 13-24 

*' IIL '* ** 25-30 

** IV. ' ** 37-48 

*' V. '' «' 49-59 

** VI. " ** 60-70 

VII. ♦* " 71-80 

" VIII. ** •• 81-91 

" IX. " ** 92-103 

" X. " ** 104-111 

" XI. " ** 112-118 

XII. '* ** 119-127 

'* XIII. ** " 128-123 

XIV. ** *' 134-139 

" XV. *• ** 140-147 

" XVI. " ** 148-158 



OLOTHl. extra, #2.00 PER VOLUME. 



LA.TESa? OLOTH BOOEZS. 

ELECTRICITY: THE SCIENCE OF THE NINETEENTH CENTURY. A 
Sketch for General Beaders. By E. M. GkvliaKVD, Illustrated. Cloth, extra, .75 

MENTAL SUGGESTION. By Dr. J. Oohobwioz, Professor in the University 
of Lemberff. Cloth, extra, $2 00. 



THE HUMBOLDT LIBRARY SERIES 

BOUND IN CLOTH, EXTRA. 

Best and Cheapest Editions Published. 



■ 1 • 



THB NATURALIST ON THE BITJBB AMAZON A Record of 

Adventures, Habits of Animals, Sketches of Brazilian and Indian Life end 
Aspects of Nature under the Equator during Eleven Years of Trayel, by 
Henry Walter Bates, F.L.S., Aeeistaiit Secretary to tiie Royal Geogn^hiou 
Society of England. Cloth. • . . - . . . .75 

THE RISE ANn EABLT CONSTITUTION OF UNIVERSI^ 
TIES, with a survey of Mediaeval Education. 9y S. S. Laurie, LL.D.. 
Professor of the Institutes and History of Education in the Univereity of 
Edinburgh, Cloth . .76 

THE RELIGIONS OF THE ANCIENT WOBLI>, including Egypt, 
Assyria and Babylonia, Persia, India, Phoenicia, Etruria, Greece, Rome. By 
George Rawlinson. M.A., Camden Professor of Ancient History, Oxford, 
and Canon of Canterbury, author of " The Origin of Nations," ** The Five 
Great Monarchies," etc. Cloth. ..... .75 

FETICHISM : A Contribution to Anthropology and the History of Religion. 
By Fritz Schultze. Translated from the German by J. Fitzgerald, M. A. 

Cloth. 75 

MONET AND THE MECHANISM OF EXCHANGE, by W. 

Stanley Jevons, M.A., F.R.S., Professor of Logic and Political Economy in 
the Owens College, Manchester. Cloth. . . .75 

ON THE STUDY OF WORDS. By Richard Chenevix Trench, D.D., 
Archbishop of Dublin. Cloth. . . . . . .75 

THE DAWN OF HISTORY : An Introduction to Pre-Historic Study, 
edited by O. F. Keary, M.A., of the British MuseuuL Cloth. • .75 

GEOLOGICAL SKETCHES AT HOME AND ABROAD. By 

Archibald Geikie, LL.D., F.R.S., Director-General of the Geological Sur- 
veys of Great Britain and Ireland. Cloth. . . . .75 

ILL USIONS : A Psychological Study, By James Sully, author of "Sensation 
and Intuition," '* Pessimism," eta Cloth. . , • .75 

THE PLEASURES OF LIFE. (Part L and Part H.) By Sir John Lub- 
bock, Bart. Two parts in one. . . . . . .75 

ENGLISH PAST AND PRESENT. (Part I. and Part H.) By Richard 
Chenevix Trench. Two Parts in One, Complete, o . . .75 

THE STORY OF CREATION. A Plain Account of Evolution, By 

Edward Clodd. F.R. A.S. With over 80 iUuatrutions. . . .75 

HYPNOTISM. Its History and Development. By Fredrik Bjomstrom, M. D., 

Head Physician of the Stockholm Hospital, Professor of Psychiatry, Late Royal 
Swedish Medical Councillor. Authorized translation from the Second Swedish 
Edition by Baron Nils Posse, M. G., Director of the Boston School of Gymnastics. 
Cloth, extra, . . . . . . • • • .76 

CHRISTIANITY AND AGNOSTICISM.— Jl controversy consistmg of 
papers by Henry Wace, D.D., Prebendary of St. Paul's Cathedral; Principal 
of King's College, London. — Professor Thomas H. Hnzley. — W. 0. Magee, 
D.D., Bishop of Peterborough.— W. H. Mallock, Mrs. Humphry Ward. 
Cloth. . . ........ .75 

DARWINISM: AN EXPOSITION OF THE THEORY^ OF 
NATURAL SELECTION, with some of its appUoations.— -By Alfred 
Russel Wallace, LL.D., F.L.S. With map «nd illustrations. Cloth. $1.25 

MODERN SCIENCE AND MODERN THOUGHT.—By S. Laing. 
Illustrated. Oloth. Extra. ...••• .75 



bktOIK OP SrJSCIES BY MEANS OF NATURAL SELEC- 
TION, or the Preservation of Favored Races in the Struggle for Life. New 
edition, from the latest English edition, with additions and corrections 
Cloth. . . . • 1.25 

J>ESCENT OF MAN, and Selection in Relation to Sex. With illustrations. 
New edition, revised and augmented. Cloth. • . . 1.50 

FORMATION OF VEGETABLE MOULD THROUGH THE 
ACTION OF WORMS, with Observations on their Habits. With 
illustrations. Cloth. ...... .75 



CHARLES BAR WIN : His Life and Work, by Grant Allen. Cloth. .76 

SELECT WORKS OF GRANT ALLEN, CONTAiNmo : 

THE EVOLUTIONIST AT LARGE, 
VIGNETTES FROM NATURE, and 
FORCE AND ENERGY, A Theory of Dynamics. 

Three books in one voL Cloth. . . • • .1.00 

WATER, ELECTRICITY AND LIGHT, BY PROFESSOR JOHN 

TYNDALL, Containino : 

FORMS OF WATER IN CLOUBS ANB RIVERS, Ice and Glac- 
iers. 19 illustrations. 
LESSONS IN ELECTRICITY. 60 lUustrations 
SIX LECTURES ON LIGHT. Illastrated. 

Three books in 1 vol. Cloth. ..... 1.00 

WORKS BY HERBERT SPENCER. 

THE BAT A OF ETHICS. Cloth .75 

EB UCATION, Intellectual, Moral and Physical. 
FROGRESS : Its Law and Cause. With other disquisitions. 

Two books in one vol. Cloth. . . . • • .75 

THE GENESIS OF SCIENCE. 

THE FACTORS OF ORGANIC EVOLUTION. 

Two books in one voL Cloth. • • • • • .75 

SELECT WORKS OF RICHARD A. PROCTOR. F.R.A.S.: 

LIGHT SCIENCE FOR LEISURE HOURS. 

FAMILIAR ESSAYS ON SCIENTIFIC SUBJECTS. 

HEREBITARY TRAITS, and other Essays. 

MISCEL L A NEO US ESS A YS. 

ILL USIONS OF THE SENSES, and other Essays. 

NOTES ON EARTHQUAKES, with fourteen miscellaneous Essays. 

Six books in one vol. ...... 1.5« 

SELECT WORKS OF WILLIAM KINQDON CLIFFORD, F.R.A.S., 

CONTAmiNa ; 

SEEING ANB THINKING. 

THE SCIENTIFIC BASIS OF MORALS, and other Essays. 
CONBITIONS OF MENTAL BRVELOPMENT, and other Essays. 
THE UNSEED UNIVERSE, and the Philosophy of the Pure Sciences. 
COSMIC EMOTION: ALSO THE TEACHINGS OF SCIENCE, 
Five books in one vol. Cloth. . , .1.25 



SELECT WORKS OF EDWARD CLODD. P.R.A.S., Gontainirvi 

THE CHILDHOOD OF RELIGION. 

THE BIRTH AND GROWTH OF MYTH, and 

THE CHILDHOOD OF THE WORLD. 

Three books in 1 vol. Cloth. . . . . 1.00 

SELECT WORKS OF TH. RIBOT, Translated from the French 
BY J. FITZXJERALD, M.A., CONTAiNma : 

THE DISEASES OF MEMORY. 

THE DISEASES OF THE WILL, and 

THE DISEASES OF PERSONALITY, 

Three books in one voL Cloth. . . . . .1.00 

THE MILKY WAY, CONTAiNiNa : 

THE WONDERS OF THE HEAVENS, (Thirty-two Illustrations). By 

Camille Flammarion. 
THE ROMANCE OF ASTROMOMY, By R. KaUey MiUer, M.A. 
THE SUN; its Constitution, its Phenomena, its Condition. By Nathan T. 

Carr.LL.D. 

Three books in one vol. . . . • • 1.00 

POLITICAL SCIENCE, CONTAlNlNa : 
PHYSICS AND POLITICS. An application of the principles of Natural 

Science to Political Society. By Walter Bagehot, author of ** The English 

Constitution." 

HISTORY OF THE SCIENCE OF POLITICS. By Frederick 

Pollock. 

Two books in one vol. ..:... .76 

THE LAND QUESTION, CONTAiNiNa : 

THE HISTORY OF LANDHOLDING IN ENGLAND. By 

Joseph Fisher, F.R.H.S., and 
HISTORICAL SKETCH OF THE DISTRIB UTION OF LAND 
IN ENGLAND. By WilUam Lloyd Burbeck, M.A. 

Two books in one vol. ...... .75 

THE MYSTERY OF MATTER, and THE PHILOSOPHY OF IGNOR- 
ANCE. 

THE ESSENTIAL NATURE OF RELIGION, By J. AUanson 
Picton. Two books in one vol. Cloth. . . . . .75 

SCIENCE AND CRIME, and 

SCIENCE AND POETRY, with other Essays. By Andrew Wilson, 
F.R.S.E. Two books in one vol. Cloth. . . . .76 

CURRENT DISCUSSIONS IN SCIENCE, and 

SCIENTIFIC ASPECT OF SOME FAMILIAR THINGS. By 

W. M. Williams, F.C.S. 

Two books in one vol. Cloth. . . . . . .75 

THE BLACK DEATH, an Account of the Great Pestilence of the Four- 
teenth Century, and ' 

THE DANCING MANIA OF THE MIDDLE AGES. By J. F. C. 
Hecker, M.D. 

Two books in one vol. Cloth. • • • . .76 



WORKS nr PR0FE88OB HUXLET. 
MAX'S PLACE IN NATURE (with DumerouB iUuBtrationB). 
THE ORIGIN OF SPECIES. 

Two books in one vol. Cloth. .... 

THE PHYSICAL BASIS OF L I FE, -with other Eseay a. 
LECTURES ON EVOLUTION, illuHtrated. By Prof. T, H. Huxl^ 

Two books in one vol. Cloth. 
ANIMAL AUTOMATISM, and other EssayB. 
\ECHNICAL EDUCATION, and other Enaaya. 

Two books iu OD6 vol. Cloth. 

I>rE"W" BOOICS. 
UPON THE ORIGIN OF ALPINE AND ITALIAN I^AKESrl 

AND UPON GLACIAL EROSION, A series of pupere by Sir A. C. BuiUT, J 
F.R.8., President of the Geologionl Society. Johk Ball, M:.R.LA., F.Ii.Si,'| 
&a. Sir BoDBBloK Mdhohiboh, F.K.S., D.C.L., President of the Boyal Q«o^ J 
raphieal Sooiety. Prof. A. Btodeb, of Beme. Prof. A. Faveb, of Geneva. 1 
EnWiBD Whtmpbr. With an Introduction, and Notes upon the Origin and HIbIoit'^ 
of the great lakes of Nortb America, by Prof. J. W. Spehobe, State Geologisl <dl ■■ 
Georgia. Maps and IlliiBtrationa. Cloth, 7S cts. 

PHYSIOGNOMY AND EXPRESSION. By P*olo MAUTKCAEZi, Sena- 
toe; Director of the National Masaum of Anthropology, Florence ; President ftf ■ ( 
lie Italian Sooiety of Anthcopology, Illiistrated, Cloth, $1.00. 

THEINDUSTRIAL REVOLUTION OF THE J8th CENTDKY IN ENG- 
LAND. Popular Addreeaea, Notes and Other Fragments, by the late Akhold 
ToTNBEB, Tutor of BfcUiol College, Oiford, together with a short memoir by B. 
JowETT, Master d( Balliol Oolii>ge, Oxford. Cloth, $1.00. 

THE ORIGIN OF THE ARYANS. An aocountof thePrehistoricEthnology 
and Civiliaation of Europe. By Isiici Tatlob, M. A., Lilt. D., Hon. LL.D. lUns- 
treted. Cloth, $1.00. 

THE EVOLUTION OF SEX. By FrofeEsor Patbiok Geddes and J. Abtbtje 
Thomson. Numerous CIustratioDB. Cletb, ®1.0& 

THE LA rV OF PRIVA TE RIGHT. By Geobqe H. Smith, Author of 
"ELEMENTS OF EIGHT AND THE LAW," and of EBsays on "THE CER- 
TAINTY OF THE LAW AND THE UNCERTAINTY OP JUDICIAL DEGIB- 
IONS," "THE TRUE METHOD OP LEGAL EDUCATION," and other 
"iiV..-"-'- n-'h. .75 

CAPITAL: A CRITICAL ANALYSIS OF CAPITALIST PRO- 
DUCTION. By Kabi. Mabz, TrauBlated from the third German edition by 
Sakoei. Mooh> and Edward AvituNO, and edited by Piitider:<;k Enqels. — The 
only American Editum. — Carefutlg Revised. Cloth, $l.TBj 

■- The great merit o( Msn. tht 









a tUe I'bUoBopblc biHoriBn oF tlis upltJluClB 






A VINDICATION OF THE RIGHTS OF ITOJtfEJf with atriotureaMi J 

Political end Moral Subjects, By Maut WoiiLSTomOBAFT. New Edition will 
introduction by Mas. Henbi Fawcbtt. Cloth, $I.00i^ 

FOR SALE BY 



A Remarkaiie Book, — Edward BeUamy. 



THE 

Kingdom of the Unselfish ; 

OR. 

EMPIRE OF THE WISE. 

Bv JOHN LORD PECK.. 



Cloth, 



» 



-Should be re-read by every seeker aller iiM\L."—Sfekland Indifendml. 

■■ Poliihed In style and very often oquisiie la expression."— A-o (if 4 Ciftim. 

-The book is interesting ihroughoui, and the more widely it is read the bciwt."— TwmHilh 
Century. 

" Shows profound research, original ideas, and «haL be almost called inspiration. -Sun. 
Jay Times (Tacoma). 

"The effort is noble, and the author has not escaped saying many profound and uue 
things."— CAnj/iaB Umon. 

" Otte o£ a large number of ' reformatory ' volumes now being printed, but It is bettor than 
many of thetn."— TrmA Seeder. 

" The book is from a widely-read man. and is written for a. high end. In its intellectual 
and^piri'V- «p«ts* il is eVcative and stimulating."- 7"^ ^eu, I^.l. 

-The book before us is one of theslgnsof the Umes. I' P^^ph^s!" '^ "" ■"="• »•"* 
Mhorts to the life which shall further its commB."-A'.» ChurcA Mess^ger. 

"The book is a natural product of the propb^Ic ejement o£ the times. -Wch is reaching 
I„rwa.d iX the n=« economic age «e are just entering. ■■-r.a.i^ . 0«'W*. 

-The chapters on -Natural and Social Selectit 
booli. and require dose reading to take in th 
Tribuni. 

..11^ ,..=1 rnntributioQ to oriclnul and advanced thought upon the highest themes ol 
life and te.igion^f intellectual, moral, social, material and spiritual progress. -The 
Umlarian. 

"Th-,.. ,r^ manv aolden sentences in the chapter on Love, and the practical good sense 
hown in the treatment of the marriaRC question would help many husbands »nd wives to 
Uvt"more happily together."- r** Damn. 

It is radical and unique."- Tlie Norih-u,esUrH. 

" I. is In no sense an ordinary work. It makes strong claims and attempts to ""■]; *'" 

^ . v _ ■ i™^„T-r.ni rrrent works for those who are striving to rise into a ooblet 
,■, 'l"hVi;=t™.l«°~2/pr,hlV..ao„ ol .he pr^nt .=m.h..d ,...101.11. «£=■ 
£.7ju'5i 1" M, pSi'. w'ork .nongl, ..gg... .!■ My .c""™. =1 "■<■" "'l";."' 

THE HUMBOLDT PUBLISHING CO. 



